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FOREWORD 


THIS  VENTILATION  SYSTEM  COMPLIANCE  GUIDELINE  WAS  PREPARED  BY  THE  AMERICAN  BOAT 
AND  YACHT  COUNCIL  (ABYC),  A  NON-PROFIT  PUBLIC  SERVICE  ORGANIZATION,  UNDER  A 
U.S.  COAST  GUARD  CONTRACT  AWARDED  TO  ABYC  PURSUANT  TO  THE  AUTHORITY  CONTAINED 
IN  SECTION  25  OF  THE  FEDERAL  BOAT  SAFETY  ACT  OF  1971  (P.  L.  92-75). 

THIS  GUIDELINE  DOES  NOT  DICTATE  THE  METHODS  A  MANUFACTURER  MUST  FOLLOW  TO 
COMPLY  WITH  THE  REGULATIONS,  BUT  IT  IS  INTENDED  TO  BE  USED  AS  A  GUIDE  TO 
METHODS  WHICH,  IF  THEY  ARE  FOLLOWED,  WILL  BE  ACCEPTABLE  TO  THE  COAST  GUARD  AS 
MEETING  THE  INTENT  AND  PURPOSE  OF  THE  REGULATIONS. 

THE  MEMBERS  OF  ABYC  HAVE  MADE  EVERY  EFFORT  TO  WKE  THIS  GUIDELINE  ACCURATE  AND 
CONSISTENT  WITH  THE  VENTILATION  SYSTEM  REGULATIONS,  AND  THE  COAST  GUARD  WS 
REVIEWED  IT  FOR  ANY  INCONSISTENCIES.  IN  CASES  WHERE  IT  APPEARS  A  CONFLICT  MAY 
EXIST,  HOWEVER,  USERS  OF  THIS  GUIDELINE  SHOULD  ADHERE  TO  THE  REQUIREMENTS  OF 
THE  REGULATIONS  AND  NOT  THE  SUGGESTED  METHODS  FOR  COMPLIANCE  DESCRIBED  IN  THIS 
GUIDELINE.  ANY  QUESTIONS  SHOULD  BE  DIRECTED  TO  YOUR  COAST  GUARD  DISTRICT 
BOATING  STANDARDS  OFFICE. 

THE  COAST  GUARD  WISHES  TO  THANK  THE  MEMBERS  OF  ABYC  WHO  CONTRIBUTED  THEIR 
PERSOWL  TIME  TO  THE  DEVELOPMENT  OF  THIS  COMPLIANCE  GUIDELINE.  THE  GUIDELINE 
WILL  AID  SMALL  VOLUME  B0AT8UILDERS  WHO  LACK  LARGE  ENGINEERING  STAFFS  AND 
EXTENSIVE  ENGINEERING  CAPABILITIES  IN  COMPLYING  WITH  THE  REGULATIONS.  THE 
RECREATIONAL  BOATING  PUBLIC  WILL  SOON  REALIZE  THE  BENEFITS  OF  THE  VENTILATION 
SYSTEM  REGULATIONS  THROUGH  A  REDUCTION  IN  THE  INCIDENCE  OF  FIRES  AND 
EXPLOSIONS  ABOARD  RECREATIONAL  BOATS. 


H.  W.  PARKER 

Rear  Admiral,  U.  S.  Coast  Guard 
Chief,  Office  of  Boating,  Public, 
and  Consumer  Affairs 

Dist;  (SDL  No.  IIA) 

A:  None 
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C:  None 
D:  None 
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VENTILATION  SYSTEM 
COMPLIANCE  GUIDELINE 


INTRODUCTION 

TIk'  vciiiilatioii  rc'Tulation  is  t'.c  iliird  of  a  scries  of  interrelated  regulations  designed  to  reduce  accidents  involving 
liics  and  csploMons  on  lio.iis  The  otliei  iwi'  regulations  are  33  CFR  Suhpart  I  Electrical  Systems  and  33  CFR 
Siibp.ni  J  Fiici  Systems  Ventilations  role  is  to  remove  potentiallj  flammable  and  explosive  vapors  that  may  occur 
dininc  the  noim.il  operation  of  a  boat.  Ventilation  can  not  be  relied  upon  to  maintain  a  safe  alinospbere  in  the 
picsence  of  leaking  tiicl  or  Ikpiid  fuel. 

In  consulci.iiion  of  the  stated  limitations  the  regulation  Iras  selected  ciitical  areas  pertaining  to  ventilatioti  ssstems 
lioin  the  standpoint  ol  saleiy  aiiil  stipulates  rctiuireinents  to  assure  good  practice  is  adhered  to  in  these  areas.  There 
ma\  be  mote  than  one  solution  to  the  problem  of  providing  sufficient  ventilation  for  a  particular  boat.  The  regiila 
lion  offcis  alteinatises  and  states  most  ol'  the  leqiiiiements  in  terms  of  performance.  The  provision  of  these  allerna 
uses  and  the  possible  intcrpieiations  ol  the  ret|uirements  may  be  confusing  to  those  using  the.se  regulaliims. 

Regtilaiions  aie  typically  written  in  concise  terms,  the  words  and  arrangement  chosen  to  be  enforceable  and  in  some 
sascs  to  he  interpreted  legally.  Tins  formal  prohibits  explanations,  recommemlaiions.  and  easily  delected  alieiriaie 
solutions,  to  he  included.  A  regulation  provides  an  outline  about  which  a  great  deal  of  further  informaiiim.  mierpre 
i.iiion.  explanation,  clarification  and  some  helpful  hints  are  needed  in  order  to  provide  a  good  understanding  of  and 
to  aid  in  compliance  with,  its  intent. 

The  Ventilation  System  Compliance  Guideline  attempts  to  fulfill  the  needs  of  the  average  boatbuilder  in  ordei  to 
,1'sist  in  .icliieving  compliance  with  the  ventilation  regulations.  It  explains,  interprets,  clarifies,  discusses  alternates, 
diagrams,  lahnl.iies.  makes  some  recommendations  and  in  general  complements  the  regulation  to  improve  the  boat 
huiliici's  imdeisianding 


CAUTION 

This  guideline  onl>  addresses  provisions  of  the  Federal  Regulations.  It  is  not  a  complete  engineering 
manual  for  the  design  of  ventilation  systems  for  boats.  There  are  other  manuals  and  standards  available 
for  this  purpose 


THE  GUIDELINE  FORMAT 

The  toimat  o|  this  guideline  has  been  chosen  to  follow  the  sequence  of  requiienients  in  the  ventilation  legulation 
Obviously  oiliei  aiiaiigemenls  ^ould  have  been  chosen,  however  this  format  provides  the  many  boatbuilders  and 
lomponcni  supplieis  who  have  tollowed  the  development  of  the  regulations  a  familiar  sequence  of  inlormation, 
therehv  lediiung  contusion 

I  avh  poiii.'h  ol  the  legiii.iiion  has  been  staled  in  the  box  identified  by  IT'S  THE  LAW.  The  clfeclive  date  ol  the 
icvpiiiemcni  is  si.iicd  aiivl  .1  discussion  follows.  The  discussion  explains,  interprets,  claiilies,  identifies  mieidepend 
ciise  ol  ici|inremenis  .ind  is  designed  to  impiove  the  underslaiuling  of  the  intent  of  the  regulalorv  leqiinemeni 
Di.igi.nns  ate  tieelv  used  and  tables  included  wherever  they  can  be  helpful. 

flic  dissUssion  di.igi.ims,  and  tables  ate  tollowed  by  a  box  identified  by  DO  YOU  COMPLY,  which  asks  questions 
to  which  the  .iiiswer  must  be  YES  if  compliance  is  to  be  achieved  This  provides  a  checklist  lor  each  regulatory 
I  ei|uiremenl 
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IT'S  THE  LAW 


IS.V601  APPLICABILITY 

riiis  subpurt  applies  to  all  b(iats  that  - 

(a)  Have  gasoline  engines  for  electrical  generation,  mechanical  power,  or  propulsion:  and 

(b)  Are  built  after  July  31,  1980,  except  that  a  manufacturer  may  elect  to  comply 
with  this  subpart  at  any  time  after  July  31 ,  1978. 


FIGURE  1  -  APPLICABILITY 

THIS  SUBPART  APPLIES  TO  ALL  BOATS  THAT  HAVE  GASOLINE  ENGINES  FOR  - 


DO  YOU  COMPLY 

To  determine  if  this  regulation  is  applicable: 


Was  the  boat  built  after  July  31, 1980? 
is  there  a  gasoline  engine  on  the  boat? 


DEFINITIONS 

AMCA 


ASTM 


iLiel 


Open  Ui  tiu'  Ainiosplu'ic 
VI 
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p  IT'S  THE  LAW - 

1 83.605  DEFINITIONS 

As  used  in  this  subpart  — 

"AMCA”  means  Air  Moving  and  Conditioning  Association. 

1 83 .607  INCORPORATED  BY  REFERENCE 

(a)(  1 )  AMCA  Standard  210-74,  Figure  12,  dated  1974. 

Air  Moving  and  Conditioning  Association 
30  West  University  Avenue 
Arlington  Heights 
Illinois  60004 


M>/e  I.  The  present  name  for  AMCA  is  now  Air  Movement  and  Control  Association,  Inc. 

Note  2.  See  I SS.6 1 0(b)  for  reference  to  AMCA. 

Note  S.  ( 183.60  7(h)  The  Director  of  the  Federal  Register  approved  the  incorporation  by  reference  on  March 

24.  10  78. 

.Note  4.  1 1 83.607/a  I  TItis  standard  is  incorporated  in  the  regulation  by  reference.  Copies  may  be  obtained 

from  the  AMCA.  h  is  also  available  far  inspection  at 

U.S.  Coast  Guard  Headquarters.  Room  4220 
2100  Second  Street,  S.W. 

Washington.  D.C  20593  and 

Office  of  the  Federal  Register  Library.  Room  8401 
1 1 00  L  Street.  N.W. 

Washington,  D.C.  20408 
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NO  1 1  5  -  Tlie  pertinent  portions  of  AMCA  210  -  74  are  as  follows  : 

AMCA  STANDARD  210-74  ASHRAE  STANDARD  51-75 


LABORATORY  METHODS  OF  TESTING 

FANS 

FOR  RATING  PI  RPOSES 


I’ublished  by 

Air  Moving  and  (Conditioning  Association,  Inc. 

and 


American  Society  of  Heating,  Refrigerating 
and  Air-Conditioning  Engineers 
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AMCA  STAND\RD  210-74  ASHRAE  STANDARD  51-76 


LABORATORY  METHODS  OF  TESTING  FANS  FOR  RATING  PURPOSES 


1.  Purpose 

The  purpose  of  this  Standard  is  to  estab¬ 
lish  uniform  methods  for  laboratory  testing 
of  fans  and  other  air  moving  devices  to  deter¬ 
mine  performance  in  terms  of  flow  rate,  pres¬ 
sure,  power,  air  density,  speed  of  rotation,  and 
efficiency,  for  rating  or  guarantee  purposes. 

It  is  not  the  purpose  of  this  Standard  to 
specify  the  testing  procedures  to  be  used  for 
design,  production,  or  field  testing. 

2.  Scope 

This  Standard  may  be  used  as  the  basis 
for  testing  fans,  blowers,  exhausters,  com¬ 
pressors,  or  other  air  moving  devices  when 
air  is  used  as  the  teat  gas. 

Circulating  fans  such  as  ceiling  fans  and 
desk  fans  are  not  within  the  scope  of  this 
Standard.  Compressors  with  interstage  cool¬ 
ing  are  not  within  the  scope  of  this  Standard. 
Positive  displacement  machines  are  not  within 
the  scope  of  this  Standard. 

The  parties  to  a  test  for  guarantee  pur- 
po.ses  may  agree  on  exceptions  to  this  Stand¬ 
ard  in  writing  prior  to  the  test.  However,  only 
tests  which  do  not  violate  any  mandatory  re- 
(juirements  of  this  Standard  shall  be  desig¬ 
nated  as  tests  conducted  in  accordance  with 
this  Standard. 

•{.  Units  of  Measurement 

■1.1  Sy.«Jteni  of  Units.  U.S.  lustomary  units 
are  cniiiloved  in  this  Standard  \’alues  shall 
lie  based  ml  the  National  nureau  of  Standards 
\alues  which,  in  turn,  are  based  on  the  funda¬ 
mental  values  of  the  International  Bureau  of 
Weights  and  Measures  [.3],  The  International 
System  of  Units  (Le  Systeme  International 
d'Unites)  [3]  has  not  been  employed  in  the 
text,  but  Appendix  A  provides  conversion  fac- 
tois  and  coefficients  for  SI  and  other  metric 
units. 

3.2  Basic  Units.  The  unit  of  length  is  either 
the  foot,  designated  ft.  or  the  inch,  de,signate<l 
in.  The  unit  of  mass  is  the  pound  mass,  desig¬ 
nated  Ibm.  The  unit  of  time  is  either  the 
minute,  designated  min.  or  the  second,  desig¬ 
nated  s.  The  unit  of  temperature  is  either  the 
degree  Fahrenheit,  designated  F,  or  the  de¬ 
gree  Rankine,  designated  R.  The  unit  of  force 
is  the  pound,  designated  lb. 


3.3  Flow  Rate  and  Velocity.  The  unit  of 
flow  rate  is  the  cubic  foot  per  minute,  desig¬ 
nated  cfm.  The  unit  of  velocity  is  the  foot 
per  minute,  designated  fpm. 

3.4  Pressure  and  Head.  The  unit  of  pressure 
is  either  the  inch  water  gauge,  designated  in. 
wg,  or  the  inch  mercury  column,  designated 
in.  Hg.  The  unit  of  head  is  the  foot-pound 
per  pound  mass,  properly  designated  ft-lb  Ibm. 
but  commonly  designated  ft  of  air.  The  in. 
wg  shall  he  based  on  a  one  inch  column  of 
distilli'd  water  at  68  F  under  standard  gravity 
and  a  gas  column  balancing  ell'ect  based  on 
standard  air.  The  in.  Hg  shall  be  based  on  a 
one  inch  column  of  mercury  at  32  F  under 
standard  gravity  in  vacuo. 

.'l.."»  Power.  Energy,  and  Torque.  The  unit  of 
power  is  the  horsepower,  designated  bp.  or 
the  watt,  tiesignated  W.  In  this  Standard,  the 
latter  is  used  only  for  electrical  power  meas¬ 
urements.  The  unit  of  energy  is  the  foot¬ 
pound.  designated  ft-lb.  The  unit  of  torque 
is  the  pound-inch,  designated  lb-in. 

3.6  Efficiency.  F.fficiencies  are  expressed  on 
a  pel'  unit  basis,  Percentag-e  values  can  la- 
obtained  by  multiplying  by  lOO. 

3.7  Speed.  The  unit  of  rotational  speed  is 
the  revolution  per  minute,  designated  rpm. 

3.8  Gas  Properties.  The  unit  of  density  is  the 
pound  mass  per  cubic  foot,  designated  Ibm 
ft  .  The  unit  of  viscosity  is  the  pound  mass 
per  foot-second,  designated  Ibm  ft-s.  The  unit 
of  gas  constant  is  the  foot-pound  per  pound 
mass-degree  Rankine,  designated  ft-lb  Ibm-  R 

3.9  Dimensionless  Groups.  \'arious  dimen¬ 
sionless  (luantities  atipear  in  the  text.  Any 
consistent  system  of  units  may  be  employed 
to  evaluate  these  quantities  unless  a  numeri¬ 
cal  factor  is  included,  in  which  case  units  must 
be  as  sjjecified. 

3.10  Physical  Uonstants.  Thi-  value  of  stand¬ 
ard  gravitational  acceleration  shall  be  taken 
as  32. 174fi  ft  s-  at  mean  sea  level  at  45  lati¬ 
tude  [4],  3'he  density  of  distilled  water  at 
.saturation  pressure  shall  be  taken  as  62. .3205 
Ibm  ft'  at  68  F  [5].  The  density  of  mercury 
at  saturation  pressure  shall  be  taken  at  848 
.714  l)>ni  ft' at  32  F  [5],  The  specific  weights 
(lb  ft')  of  these  fluids  in  vacuo  under  stand¬ 
ard  gravity  are  numerically  equal  to  their 
densitie.s  at  corresponding  tempi'ratures. 
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4.  Symbols  and  Subscripts 

4.1  Symbols  and  Subscripted  Symbols 

SYMBOL  DESCRIPTION  UNIT 

A  Area  of  Cross  Section  .  ft- 

C  Nozzle  Discharge  Coefficient  .  dimensionless 

D  Diameter  and  Equivalent  Diameter  ft 

D,  Hydraulic  Diameter .  ft 

e  Base  of  Natural  Logarithm  (2.178  . . .)  .  dimensionless 

E  Energy  Factor  .  dimensionless 

F  Beam  Load  .  .  lb 

/  Coefficient  of  Friction  .  dimensionless 

H  Fan  Power  Input  .  hp 

Ha  Fan  Power  Output  .  hp 

Kp  Compressibility  Coefficient .  dimensionless 

L  Nozzle  Throat  Dimension  .  ft 

Lp  Equivalent  Length  of  Straightener  .  ft 

Length  of  Duct  Between  Planes  x  and  x' .  ft 

1  Length  of  Moment  Arm  .  in. 

In  Natural  Logarithm  .  . 

M  Chamber  Dimension  .  ft 

N  Speed  of  Rotation  .  rpm 

n  Number  of  Readings  dimensionless 

P,  Fan  Static  Pressure .  in.  wg 

P„  Static  Pressure  at  Plane  x .  in.  wg 

P,  Fan  Total  Pressure  .  in.  wg 

P„  Total  Pressure  at  Plane  x  . .  in.  wg 

Pp  Fan  Velocity  Pressure  ..  in.  wg 

P„  Velocity  Pressure  at  Plane  x .  in.  wg 

Pa  Corrected  Barometric  Pressure .  in.  Hg 

Pp  Saturated  Vapor  Pres.«ure  at  t„ .  in.  Hg 

Pp  Partial  Vapor  Pressure  . .  in,  Hg 

Q  Fan  Flow  Rate  .  cfm 

Qr  Flow  Rate  at  Plane  x  .  cfm 

R  Gas  Constant  .  ft-lb  Ibm-  R 

Re  Reynolds  Number  .  dimensionless 

T  Torque  . .  lb-in. 

fd  Dry-Bulb  Temperature  .  F 

ti  Total  Temperature .  F 

Wet-Bulb  Temperature  .  F 

V  Velocity  . .  fpm 

W  Power  Input  to  Motor .  W 

X  Function  U.sed  to  Determine  Kp  .  dimensionless 

Y  Nozzle  Expansion  Factor .  dimensionless 

y  Thickness  of  Straightener  Element  ft 

2  Function  Used  to  Determine  Kp  .  dimensionless 

a  Static  Pressure  Ratio  for  Nozzles . dimensionless 

li  Diameter  Ratio  for  Nozzles  .  dimensionlcs.s 

y  Ratio  of  Specific  Heats  .  dimensionless 

AP  Pressure  Differential . in.  wg 

T)  Motor  Efficiency .  per  unit 

T),  Fan  Static  Efficiency .  per  unit 

Tjf  Fan  Total  Efficiency  .  per  unit 

p.  Air  Viscosity . .  Ibm  'ft-s 

p  Fan  Air  Density . .  Ibm 'fU 

p.  Air  Density  at  Plane  x .  Ibm/fV 

S  Summation  Sign  . .  . 
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■l.i;  AtldilioniU  Subscripts 


SUHSCRUT  I  »KS(  It  I  I'l’ION 

I  ( ’imx  rrtcd  valiit.' 

I  Kcadinu 

s  I’laiu-  0.1,2 . as  ajipiop/’iate 

(I  !*lam-  0  (jrciu'ial  test  area) 

I  1‘lane  1  (fan  inlet) 

riane  2  (  fan  outlet ) 

./  I'l.ilU'.’)  (I’ilol  tia\  erse  station ) 

4  l“lane  l  (duct  pie/.ometer  station) 

n.in<-.">  (nozxle  inlet  station  in  eliainbei  i 
n  Plane  6  (no/./.le  disi  hai’n'e  station) 

Plane  7  (outlet  etianiher  measiirenient  station) 
»  Plane  H  (inlet  chandaT  measiiri'nient  station) 


■').  Delinilioiis 
■>.  I  Pa  ns 

•’>.1.1  Pan.  A  Ian  is  a  de\  iee  for  moving  aii 
wliiili  nlili/es  a  power  driven  rotating  ini- 
pi  Her  A  Ian  shall  have  at  least  one  inlet 
openin'.'  .Old  at  least  one  outlet  openinn-  The 
opeiiiiit’s  may  or  may  not  have  elements  for 
eonneetion  to  diict-work,  A  fan  may  have 
v.irioiis  .ippiirtenanees  which  atleet  perform- 
•  inie  It  IS  neeessary  to  establish  which  ap¬ 
purtenances  are  to  be  considered  a  part  of  the 
fan  l  or  I  est  iny  purposes. 

.■>.1.2  Pan  Ou(le(  Area.  Pan  outlet  area  is 
the  cross  inside  area  measured  in  the  planes 
of  the  outlet  openinirs.  For  roo'f  ventilators, 
the  area  shall  be  considi'ced  the  yro.ss  im|ie)ler 
oiitlei  an  a  for  centrifugal  types  or  the  pross 
e.isiil'.'  area  at  the  imiielier  for  axial  t.vpes. 

•’i.l.’!  Pan  Inlet  .Area.  F.m  inb't  area  is  the 
cross  inside  area  iiiea.siired  in  the  planes  of 
the  inlet  romiections  t’or  converjrinK  inlets 
uitlioni  eonneetion  elenu'nt.s.  the  inlet  area 
shall  be  considered  to  be  that  wher«'  a  jilane. 
[lerpendiciilar  to  the  air  stream,  first  meets 
t  he  bell  mouth  or  cone, 

•’>.2  Psych rometrics 

•'>.2.1  Dry-ltulb  Temperature.  I )iy-liidb  tern- 
perjitiirc  is  the  air  temperature  measured  by 
a  dry  tcmpi’iatiire  sensor. 

.’>.2.2  Wet-llnlh  Temperature.  Wet-bulb  tem- 
lieiatiire  is  the  temperature  measured  by  a 
teni[)eraturt'  sensor  coveia’d  by  a  wattir-moist- 
eni'd  wick  and  exposed  to  air  in  motion.  When 
properly  measured,  it  is  a  close  approximation 
of  the  IcmiM'i  atiirc  of  adialiatic  saturation 


.').2.;!  Wel-ltulb  Depression.  Wet-bulb  de¬ 
pression  is  the  dilfercmce  between  the  dry- 
bulb  and  wet-bulb  temperatures  at  the  same 
location. 

5.2.1  Total  Temperature.  Total  temperature 
is  the  U'mperature  which  exists  by  virtue  of 
the  inlertial  a>  d  kinetic  energy  of  the  air.  If 
tht'  air  is  at  I’cst.  the  total  tempei-atiii’c  will 
etpi.tl  the  static  temperalu)'<>. 

5.2.5  Sialic  Temperature.  Static  tcmpeia- 
tiiri'  is  the  tempcnitiire  which  exists  by  virtue 
of  the  internal  ener)/.)'  of  the  air  only.  If  a 
isirtion  of  the  iiiternal  energy  is  converted 
into  kinetic  enerjry.  the  static  tcmiperature  will 
be  decreased  accorilinyly, 

5.2.(>  Air  Density.  Air  den.sity  is  the  mass 
per  unit  volume  ed'  the  air. 

5.2.7  Standard  .-Air.  Standard  air  is  air  with 
a  density  of  0,075  Ibm  ft  ',  a  ratio  of  spoeitie 
heats  of  1 .100,  a  viscosity  of  1.222  x  10  Ibm 
ft-s.  and  an  absolute  pressure  of  lOH.O  in.  wy. 
Air  at  08  F,  50' ,  r(dative  humidity,  and  29.92 
in.  Hy  has  these  properties,  aiitiroximately 

5.;$  Pressure  and  Head 

5.. 'J.)  Pre.ssure.  Pressure  is  foree  jier  imit 
area.  This  eori'csponds  to  eneryy  per  uuit 
volumi'  of  fluid. 

5. . ‘{.2  Absolute  Pressure.  Absolute  pressure 
is  the  value  of  a  pressure  when  the  datum 
pres.sui'e  is  absolute  zero.  It  is  always  iiositive. 

5.3. . ‘I  liarometrir  I’ressure.  Raromelric  pres 
sure  is  the  absolute  pressure  exerted  by  the 
atmusphei'e 
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5.;5.t  (iauge  Pressure.  Gauge  pressure  is 
the  value  of  a  pressuie  when  the  datum  pres- 
siiie  is  the  l)arometrii  pressure  at  the  point 
of  measurement.  It  may  be  negative  or  posi¬ 
tive. 

.■>.3.5  \elocily  Pressure.  V'^elocity  pressure 
Is  that  portion  of  the  air  piessure  whieh  ex¬ 
ists  by  viitue  of  the  rate  of  motion  only.  It 
is  always  positive. 

.').3.()  Statie  Pressure.  Static  pressure  is 
that  portion  ol  the  air  pressure  which  exists 
liy  \  iitiie  of  the  degiee  of  compression  only. 
It  may  be  m’gati\(‘  oi-  positive. 

.■>.3.7  Total  Pressure.  Total  pi'essure  is  the 
air  pressure  whieh  exists  by  virtue  of  the  de¬ 
gree  of  compression  and  the  rate  of  motion. 
It  is  the  algebraic  sum  of  the  velocity  pres¬ 
sure  and  the  static  pressure  at  a  point.  Thus, 
if  the  air  is  at  rest,  the  total  pressure  will 
ecpral  the  static  pressuie. 

.5.3.8  Pressure  Loss.  Pressure  loss  is  the 
change  in  total  pressure  due  to  friction  and 
turbulence. 

5.3.9  Head.  Head  is  the  useful  energy  per 
unit  mass  of  tluid  added  by  the  fan.  Heads 
corresponding  to  total,  \elocity,  or  static  pres¬ 
sure  ma.\  be  used,  but  they  are  not  employed 
in  this  Standai'd. 

5.4  Fan  Performance  Variables 

5.4.1  Fan  Air  Density.  Kan  air  density  is 
the  density  of  the  air  corresponding  to  the 
total  pressure  and  total  temperature  at  the 
fan  inlet  |  (>) . 

5.4.2  Fan  Flow  Kate,  h'aii  flow  rate  is  the 
\olumetric  Ilow  rate  at  fan  air  density. 

5.4.3  Kan  Total  Pre.ssure.  Fan  total  iires.sure 
IS  (he  ditierenci'  between  the  total  pressure 
at  the  fan  outlet  and  the  total  pressure  at  the 
fan  inlet. 

5.1.4  Kan  Velocity  Pressure.  Fan  velocity 
pre.ssure  is  the  pressure  corresponding  to  the 
average  \  eIo(  it.\-  ,it  the  fan  outlet. 

5.4.5  Fan  Stiitic  Pressure.  Fan  static  pres¬ 
sure  is  thi’  difference  between  the  fan  total 
pressure  and  the  fan  v  elocity  pre.ssure  'I'here- 
fore,  fan  static  pressure  is  the  ditference  be¬ 
tween  the  static  pressure  at  the  fan  outlet  and 
the  total  iiressure  at  the  fan  inlet. 

5.4.6  Fan  Speed,  h'an  speed  is  the  rotative 
speed  of  the  impeller.  If  a  fan  has  more  than 
one  impeller,  fan  speeds  are  the  rotative 
speeds  of  each  impeller. 


5.1.7  Compressibility  Coefficient.  Compress¬ 
ibility  coefficient  is  a  thermodynamic  factoi 
which  must  be  applied  to  determine  fan  total 
efficiency  from  fan  flow  rate,  fan  total  pres¬ 
sure,  and  fan  power  input.  This  coefficient  is 
derived  in  Appendix  B.  It  may  be  considered 
to  be  the  ratio  of  the  mean  flow  rate  through 
the  fan  to  the  flow  rate  at  fan  air  density.  It 
is  also  the  ratio  of  the  fan  total  pressure  that 
would  be  developed  with  an  incompressible 
fluid  to  the  fan  total  pressure  that  is  developed 
with  a  compressible  fluid. 

5.1.8  Fan  Power  Output.  Fan  power  output 
is  the  usefid  power  delivered  to  the  air.  This 
is  proportional  to  (he  product  of  fan  flow  rate 
and  fan  total  pressure  and  compressibility  co¬ 
efficient. 

5.4.9  Fan  Power  Input.  Fan  powei  input  is 
the  i>owei-  rei|uired  to  drive  the  fan  and  any 
elements  in  the  drive  train  which  are  consid¬ 
ered  a  part  of  the  fan. 

5.4.10  Fan  Tottil  Efficiency.  Fan  total  effi¬ 
ciency  is  the  riitio  of  the  ftin  power  output 
to  the  fan  power  input. 

.■>.4. 11  Fan  Sialic  Efficiency.  Fan  .static  ef¬ 
ficiency  is  the  fan  total  efficiency  multiplied 
by  the  ratio  of  ftin  static  pressure  to  fan  total 
pressure. 

5.4.12  Fan  Total  Head.  Fan  total  head  is 
proportional  to  fan  total  pressure  times  com- 
pre.ssibility  coefficient  divided  by  fan  air  den¬ 
sity. 

5.4.13  Fan  Velocity  Head.  Fan  velocity  head 
is  proportional  to  fan  velocity  pressure  divided 
by  fan  air  density. 

5.4.14  Fan  Sialic  Head.  Fan  sttitic  head  is 
the  difference  between  fan  total  head  and  fan 
velocity  head. 

5.5  Miscellaneous 

5.5.1  Point  of  Operation.  Point  of  operation 
is  the  relative  position  on  the  fan  character¬ 
istic  curve  corresponding  to  a  particulai  flow 
rate.  It  is  controlled  during  a  test  by  adjust¬ 
ing  the  iiosition  of  the  throttling  device,  by 
changing  flow  nozzles  or  auxiliary  fan  char¬ 
acteristics.  or  by  any  combination  of  these. 

5.5.2  Free  Delivery.  Free  delivery  is  the 
point  of  operation  where  the  fan  static  pres¬ 
sure  is  zero. 

5.5.3  Shut  Off.  Shut  off  is  the  point  of  op- 
ertition  where  the  fan  flow  rate  is  zero. 
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Determination.  A  determination  is  a 
i  iiinpli'ti'  si't  of  nu'asiiienient.s  for  a  particular 
point  of  operation  of  a  fan.  The  measurements 
must  he  sufficient  to  determine  all  fan  per- 
I'oriiianee  variables  as  defined  in  5.4. 

Test.  A  test  is  a  series  of  determina¬ 
tions  tor  \arious  points  of  operation  of  a  fan. 

.'>..5.()  Knergy  Factor.  Energy  factor  i.s  the 
ratio  of  tlu'  tottil  kinetic  energy  of  the  flow 
to  the  kinetic  energy  corresponding  to  the 
a\  orage  velocity. 

ti.  Instruments  and  Methods  of 
•Measurement 

li.l  .Vccuracy  [7].  The  speeifications  for  in¬ 
struments  and  methods  cd'  measurement  which 
follow  include  tu'curaey  reiiuirements.  The 
speeilied  r eii u  i  rente u  t  s  correspond  to  two 
sttuidard  deviations  and  tire  based  on  tin  as¬ 
sumed  normal  dist riliut ion  of  the  errors  in¬ 
volved.  The  calibration  procedures  which  are 
specified  shall  lx-  em|)loyed  to  minimize  sys¬ 
tematic  errors.  Random  errors  ettn  be  estab¬ 
lished  only  from  an  adecpiate  stiitisticiil  sam¬ 
ple,  It  is  anticipated  that  ctdibrtition  dtiUi  will 
lie  accumulated  on  the  various  instruments 
prioi-  to  their  seleetion  for  use  in  a  pttrtictdtir 
test,  lustrtimeut  errors  shall  he  such  thtit  two 
standard  desiations  of  the  a^'cumuhited  datti 
ifom  their  mean  do  not  exceed  the  speeified 
values. 

(j.2  Pressure.  The  tottil  pressure  tit  a  point 
shidl  be  metisured  oil  an  iiidietitor.  such  as  ;i 
niaiiometer.  with  one  leg  open  to  titmosphere 
and  the  other  leg  eonnected  to  a  tottil  pressure 
sensor,  such  a.s  a  tottd  pressure  tube  or  the 
imiiiiet  tap  i>f  a  I’itot-stat ie  tube.  The  static 
pressure  at  a  point  shall  he  measured  on  an 
indicator,  such  as  a  manometer,  with  one  leg 
open  to  titmosphere  and  the  other  leg  con¬ 
nected  to  a  static  prcssiirt'  sensor,  such  as  a 
stilt ic  pressure  tap  or  (he  static  ftip  <d’  ;i 
I’itot-stiil ic  tiilie.  The  velocity  [iressure  at  a 
point  shall  he  measured  on  an  indicator,  such 
as  a  mtinometer,  with  one  leg  connected  to  a 
total  pressure  sensor,  such  as  the  imptict  tap 
of  ii  I’itot-stat  ic  tube,  and  the  other  leg  eon¬ 
nected  to  ti  static  pressure  sensor,  such  as  (he 


static  tap  of  the  same  Pitot-static  tube.  The 
diflerential  pressure  between  two  points  shall 
be  measured  on  an  indicator,  such  as  a  ma¬ 
nometer,  with  one  leg  connected  to  the  up¬ 
stream  sensor,  such  as  a  static  pressure  tap, 
and  the  other  leg  connected  to  the  downstream 
sensor,  such  as  a  static  pressure  tap. 

6.2.1  .Manometers  and  Other  Pressure  Indi¬ 
cating  Instruments.  Pressure  shall  he  meas¬ 
ured  on  manometers  of  the  liiiuid  column  type 
using  inclined  or  vertictil  legs  or  other  instru¬ 
ments  which  provide  a  maximum  error  of  I'i 
of  the  maximum  observed  reading  or  0.005 
in.  wg  whiche\'er  is  larger. 

6. 2. 1.1  Calibration,  h'ach  pressure  indi- 
ctiting  instrument  shall  lie  calibrated  at  both 
ends  of  the  settle  and  at  least  nine  ciiiially 
spaced  intermeilititc  points  in  accordance  with 
the  following: 

(1)  tl’heii  the  pressure  to  he  indicated 
falls  in  the  rtiiige  of  0  to  10  in.  wg.  calibra¬ 
tion  shall  he  against  a  wtiter-filled  hook  gauge 
of  the  micrometer  type  or  a  precision  miiu-o- 
nuinometer. 

(2)  When  the  pressure  to  he  indicated  is 
.■dime  JO  in.  wg',  ctilibration  .shall  he  ag'ain.s} 
a  water-tilled  hook  gauge  of  thi'  micrometer 
type.  ;i  precision  niicromanometer.  or  a  wtiter- 
filled  U-tuhe. 

6.2. 1.2  .\veraging.  Siiue  the  (low  amlilu 
jucs.snic'.  produi-ed  by  a  I’tin  are  never  strietly 
steady,  the  pressiii-e  indicated  on  tiny  instru¬ 
ment  will  iliictuiite  with  time.  In  order  to  ob¬ 
tain  ti  true  reading,  either  the  instrument 
must  be  diimped  or  the  retuliiigs  must  he  a\  ei 
aged  in  ti  siiltalde  nninner.  Averaging  can 
.sometime.^  he  ticeomplished  mentally,  particu 
liirly  it  the  duet utit ions  me  small  and  regidtii 
Multi-point  or  continuous  record  averaging 
('tin  be  aeeomplished  with  instruments  and 
antiiyzers  designed  for  this  imrpose. 

6.2.1..'!  (  orrections.  .Manometer  readings 
should  he  eorreeted  for  auy  diil'ereiice  in  spe¬ 
cific  weight  <d'  gauge  iluid  from  standard.  ;tny 
difference  in  gas  eoliimn  balancing  elfect  from 
sttindai  (I,  or  any  change  in  length  of  the  grad¬ 
uated  .scale  due  to  temperiiture.  However,  cor¬ 
rections  may  he  omitted  for  tempertitures  be¬ 
tween  5S  iind  78  ,  latitudes  between  30  and 
60  ,  and  ele\alions  up  to  5000  ft. 
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6.2.2  Pitot-Static  Tubes  [8]  [9].  The  total 
pres.suie  or  the  sUitic  pressure  at  a  point  may 
be  sensed  with  a  I’itot-static  tube  of  the  pro¬ 
portions  shown  in  Figure  1 .  Either  or  both  of 
these  pressure  signal.s  can  then  be  transmitted 
to  a  nianometei'  or  other  indicator.  If  both 
pressure  signals  are  transmitted  to  the  same 
indieator,  the  dill'erential  shall  be  consiilered 
the  velocity  pressure  at  the  {joint  of  the  im- 
l)act  opening. 

6.2.2. 1  Calibration.  Pitot-static  tubes  hav¬ 
ing  the  [iroportions  shown  in  Figure  .  are 
con.sidered  primary  instruments  and  need  not 
he  calibrated  provided  they  are  maintained 
in  the  specified  condition. 

6. 2. 2. 2  Size.  The  Pitot-static  tulje  shall 
be  of  sutlicient  size  and  strength  to  withstanil 
the  firessure  forces  e.xerted  ufjon  it.  The  out¬ 
side  diametei-  of  the  tube  shall  not  exceed  1  30 
of  the  test  duct  diameter  except  that  when 
the  length  of  the  supporting  stem  exceeds  2-1 
tube  diameters,  the  stem  may  be  progressively 
increased  beyond  this  distance.  The  minimum 
praitical  tube  diameter  i.s  0.10  in. 

6.2.2..'{  Support.  Rigid  support  shall  be 
{jrovided  to  hold  the  Pitot-static  tube  axis 
parallel  to  the  axis  of  the  duct  within  I  degree 
and  at  the  head  locations  specified  in  Figure  3 
within  (1.05  in.  or  0.25' c  of  the  duct  diameter, 
whichever  is  larger.  Straighteners  are  speci¬ 
fied  .so  that  flow  lines  will  be  approximately 
parallel  to  the  duct  axis. 

6.2.3  Static  Pressure  Taps  [10].  The  static 
pressure  at  a  point  may  be  sensed  with  a 
pressure  tap  of  the  proportions  shown  in  Fig¬ 
ure  2.  The  pressure  signal  can  then  be  trans¬ 
mitted  to  an  indicator. 

6.2.3. 1  Calibration.  Pressure  taps  having 
the  proportions  shown  in  Figure  2  are  consid¬ 
ered  primary  instruments  and  need  not  be 
calibrated  provided  they  are  maintained  in  the 
specified  condition.  Every  precaution  should 
be  taken  to  insure  that  the  air  velocity  does 
not  influence  the  pressure  measurement. 

6. 2. 3.2  Averaging.  An  individual  pre.ssure 
tap  is  sensitive  only  to  the  pressure  in  the 
immediate  vicinity  of  the  hole.  In  order  to 
obtain  an  average,  at  least  four  identical  taps 
shall  be  manifolded  into  a  piezometer  ring. 
The  manifold  shall  have  an  inside  area  at 
least  four  times  that  of  each  tap. 


6.2.3. 3  Piezometer  Rings.  Piezometer 
rings  are  specified  for  upstream  and  down¬ 
stream  nozzle  taps  and  for  outlet  duct  or 
chamber  measurements  unle.ss  Pitot  traverse 
i.s  specified.  Measuring  planes  shall  be  located 
as  shown  in  the  figure  for  the  appropriate 
setup. 

6.2.4  Total  Pressure  Tubes.  The  total  pres¬ 
sure  in  an  inlet  chamber  may  be  sensed  with 
a  stationary  tube  of  the  proportions  shown  in 
Figure  2.  The  pre.ssure  signal  can  then  be 
transmitted  to  an  indicator.  Th('  tube  shall 
face  dii'ectly  into  the  air  flow  and  the  open 
end  shall  be  smooth  and  free  from  burrs. 

6.2.4. 1  Calibration.  Total  pressure  tubes 
of  the  above  description  are  considered  pri¬ 
mary  instruments  and  need  not  be  calibrated 
if  they  are  maintained  in  the  specified  condi¬ 
tion. 

6. 2. 4. 2  Averaging.  The  total  pressuie 
tube  is  sensitive  only  to  the  piessure  in  the 
immediate  vicinity  of  the  open  end.  However, 
since  the  velocity  in  an  inlet  chamber  can  be 
i-onsidered  unifoim  due  to  the  settling  means 
which  are  employed,  a  single  measurement 
will  be  1  etnesentative  of  the  average  chamber 
{jressure. 

6.2. (.3  I^ocalion.  'I'otal  pre.ssure  tubes  are 
specified  (or  inlet  chambers.  Location  shall 
be  as  shown  in  the  figure  for  the  appropriate 
setup. 

6.2.5  Other  Pressure  Measuring  Systems. 

Pressure  measuring  systems  consisting  of  in¬ 
dicators  and  sensors  other  than  manometers 
and  Pitot-.s-tatic  tubes,  static  pre.s.sijre  t.ips. 
or  total  ijressnre  tubes  may  be  used  if  the 
combined  error  of  the  system  including  any 
transducei's  does  not  exceed  the  combined 
error  for  an  apjjropi'iate  combination  of  ma¬ 
nometers  and  Pitot-static  tubes,  static  pres¬ 
sure  taps,  or  total  pressure  tubes.  For  sys¬ 
tems  used  to  determine  fan  pressure  the 
contribution  to  combined  error  in  the  pressure 
measurement  shall  not  exceed  that  correspond¬ 
ing  to  1 ' .  of  the  maximum  observed  static 
or  total  tnessure  reading  during  a  test  (indi¬ 
cator  tolerance),  plus  191  of  the  actual  read¬ 
ing  (averaging  tolerance).  For  systems  used 
to  determine  fan  flow  rate,  the  combined  er¬ 
ror  shall  not  exceed  that  corresponding  to  1  'i 
of  the  maximum  observed  velocity  pressure 
or  pressure  differential  reading  during  a  test 
(indicator  tolerance)  plus  19'  of  the  actual 
reading  (averaging  tolerance). 
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(>.;{  Flow  Rate.  I'low  late  shall  be  calculated 
either  I'roni  measurements  of  velocity  pressure 
obtained  by  Pitot  traverse  or  from  measure¬ 
ments  of  pressure  ditferential  acioss  a  flow 
nozzle. 

Pitot  Traverse.  Flow  rate  may  be  cal¬ 
culated  from  the  velocity  pressures  obtained 
by  trav  erses  of  a  duct  with  a  Pitot-static  tube 
for  tiny  point  of  opertition  from  free  delivery 
to  shut  olf  provided  the  tiveraKO  velocity  cor¬ 
responding  to  the  How  rate  at  free  delivery 
iit  the  test  speed  is  tit  least  2100  fpm  [11]. 

ti..‘5.1.1  Stations.  The  number  tind  locti- 
tions  of  the  measuring:  stations  on  each  diam¬ 
eter  and  the  number  of  diameter.s  shall  be  as 
specified  in  Fip-uie  .‘b 

(l.:i.l.2  .VvertiKinK.  The  stations  shown  in 
Fip'ure  .'f  tiri‘  loctited  on  each  ditimeter  ticcord- 
inp  to  the  lop-linear  rule  [12] .  The  arithmetic 
mean  of  the  individual  velocity  measurements 
mtide  at  these  sttitions  will  be  the  metin  ve¬ 
locity  thrnuph  the  measurinp  section  for  ti 
wide  viirmty  of  profiles  [Pi], 

Nozzles.  Flow  rate  may  l>e  calcultited 
from  the  pressure  ditferential  measured  across 
a  Mow  nozzle  or  bank  of  nozzles  for  tiny  point 
of  (Hieration  from  free  delivery  to  shut  off 
jirovided  the  averapi*  velocity  :it  the  nozzle 
ibscharpe  correspondinp  to  the  flow  rate  at 
free  delivery  at  the  test  speed  is  at  least  2800 
film  [11]. 

<i.;i.2.1  Size.  The  nozzle  or  nozzles  shall 
conform  to  Fipure  4.  Nozzles  may  be  of  any 
convenif-nt  size.  However,  when  ii  duct  is  con¬ 
nected  to  the  inlet  of  the  nozzle,  the  ratio  of 
nozzle  thi'oat  liiameter  to  the  diameter  of  the 
inlet  duct  shall  not  exceed  0.525. 

fi..‘{.2.2  Calibration.  The  standard  nozzle 
is  considered  a  primary  instrument  and  need 
not  be  calibrated  if  maintained  in  the  speci- 
lied  condition.  Reliable  coefficients  have  been 
establisheil  for  throat  dimensions  L  0.5  D 
and  I.  0.6  1),  shown  in  Fipure  4  [14]. 
Throat  dimension  L  0,6  1)  is  recommended 
for  new  construction. 

fi.3.2..'t  Chamber  Nozzles.  Nozzles  without 
intepral  throat  taps  may  be  used  for  multiple 
nozzle  chambers  in  which  case  upstream  and 
downstream  pressure  taps  shall  be  located  as 
shown  in  the  tipure  for  the  appropriate  setup. 
Alternatively,  nozzles  with  throat  tiips  may 


be  used  in  which  case  the  throat  taps  located 
as  shown  in  Fipure  4  shall  be  used  in  place  of 
the  downstrejim  pressure  taps  shown  in  the 
fipure  for  the  setup  and  the  piezometer  for 
each  nozzle  shall  be  connected  to  its  own  indi¬ 
cator. 

6.2.2.4  Ducted  Nozzles.  Nozzles  with  in- 
tepral  throat  taps  shall  be  used  for  ducted 
nozzle  setups.  Upstream  pressure  taps  shall 
be  located  as  shown  in  the  fipure  for  the 
appropriate  setup.  Downstream  taps  are  the 
intepral  throat  taps  and  shall  be  located  as 
shown  in  Fipure  4. 

6. 2. 2. .5  Taps.  All  pressure  taps  shall  con¬ 
form  to  the  specification  in  6.2.3  repardinp 
pt'ometry,  number,  and  manifoldinp  into  pie¬ 
zometer  rinps. 

6.3.3  Other  Flow  .Measurinp  Methods.  Flow 
measurinp  methods  which  utilize  meters  or 
traverses  other  than  Ilow  nozzles  or  I’itot  trav¬ 
erses  may  be  used  if  the  error  introduced  by 
the  method  does  not  exceed  that  introduced 
by  an  appropriate  Ilow  nozzle  or  I’itot  traverse 
method.  The  contribution  to  the  combined  er¬ 
ror  in  the  Ilow  rate  measurement  shall  not 
e.xceed  that  correspondinp  to  1.2'-  of  the  dis- 
vharpv'  voefiuuent  for  a  flow  nozzle  [15]. 

6.4  Power.  Power  shall  be  determined  from 
the  beam  load  measured  on  a  reaction  dyna¬ 
mometer.  the  toriiue  measured  on  a  torsion 
element,  or  the  electrical  input  measured  on 
a  calibrated  motor. 

6.4.1  Reaction  Dynamometers.  A  cradle  or 
torque  table  type  I'eaction  dynamometer  hav- 
inp  a  demonstrated  accuracy  of  ■  2'-  of  ob¬ 
served  readinp  may  be  used  to  measure  power 

6. 1.1.1  Ualibration.  A  reaction  dynamom¬ 
eter  shall  be  calibrated  throuph  its  ranpe  of 
usape  by  suspendinp  weiphts  from  a  torque 
arm.  The  weiphts  shall  have  certified  accura¬ 
cies  of  '  0,2'-.  The  lenpth  of  the  torque  arm 
shall  be  determined  to  an  accuracy  of  :  0.2’  -  . 

6.1. 1.2  Tare.  The  zero  torque  equilibrium 
(tare)  shall  be  checked  before  and  after  each 
test.  The  dilfei'ence  shall  be  within  0.5' of 
the  maximum  value  measured  durinp  the  test. 

6.4.2  Torsion  Devices.  A  torque  meter  hav- 
inp  a  demonstrated  accuracy  of  •  2' ,  of  ob¬ 
served  readinp  may  be  used  to  determine 
IMiwer. 
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ft. 4. 2.1  Calibration.  A  torsion  device  shall 
have  a  static  calibration  and  may  have  a  run¬ 
ning  calibration  through  its  range  of  usage. 
The  static  calil)ration  shall  be  made  by  sus¬ 
pending  weight.s  from  a  torque  arm.  The 
weights  shall  have  certified  accuracies  of  rc 
0.2'.  .  The  length  of  the  torque  arm  shall  be 
determined  to  an  accuracy  of  r*  0.2*;  . 

ft. 4. 2. 2  Tare.  The  zero  torque  equilibrium 
(tare)  and  the  span  of  the  readout  .system 
shall  bt‘  checked  before  and  after  each  te.st. 
In  each  case,  the  difference  shall  be  within 
0.5'.  of  the  maximum  value  measured  during 
t he  test. 

ft.4..‘5  Calibrated  Motors.  A  calibrated  elec¬ 
tric  motor  may  be  used  with  suitable  electrical 
meters  to  measure  i)ower. 

ft.4.3.1  Calibration.  The  motor  shall  be 
calibrated  through  its  range  of  usage  again.st 
an  absorption  dynamometer  except  as  provided 
in  6. 4. 3. 4  The  absorption  dynamometer  shall 
be  calibrated  by  suspending  weights  from  a 
toiapie  arm.  The  weights  shall  have  certified 
accuracies  of  •  0.2'.  .  The  length  of  the 

toriiue  arm  shall  be  determined  to  an  accuracy 
of  ■  0.2',. 

ft.4.3.2  Meters.  Electrical  meters  shall 
have  certified  accuracies  of  ■  1.0',  of  ob- 

st'i'ved  reading.  It  is  preferable  that  the  same 
meters  be  used  for  the  test  as  for  the  calibra¬ 
tion. 

ft.4.3.3  Voltage.  The  motor  input  voltage 
during  the  test  shall  be  within  I'r  of  the 
voltage  observed  during  calibration.  If  air 
flows  over  the  motor  from  the  fan  under  test, 
similar  flow  shall  be  provided  during  calibra¬ 
tion. 

ft.4.3.4  IEEE.  Polyphase  induction  motors 
may  l)e  calibrated  using  the  lEKFl  Segregated- 
I.oss  Method  [16] . 

6.4.4  Averaging.  Since  the  power  required 
by  a  fan  is  never  strictly  steady,  the  torque 
measured  on  any  instrument  will  fluctuate 
with  time.  In  order  to  obtain  a  true  reading, 
either  the  instrument  must  be  damped  or  the 
readings  must  be  averaged  in  a  suitable  man¬ 
ner.  Averaging  can  sometimes  be  accom¬ 
plished  mentally,  particularly  if  the  fluctua¬ 
tions  are  small  and  regular.  Multi-point  or 
continuous  record  averaging  can  be  accom¬ 
plished  with  instruments  and  analyzers  de¬ 
signed  for  this  purpose. 


6.5  Speed.  Speed  shall  be  measured  with  a 
revolution  counter  and  chronometer,  a  strobo- 
.Hcope  and  chronometer,  a  precision  instantane¬ 
ous  tachometer,  an  electronic  counter-timer, 
or  any  other  device  which  has  a  demonstrated 
accuracy  of  di.  0.5','  of  the  value  being  meas¬ 
ured. 

6.5.1  Strobes.  A  stroboscopic  device  trig¬ 
gered  by  the  line  frequency  of  a  public  utility 
is  considered  a  primary  instrument  and  need 
not  be  calibrated  if  it  is  maintained  in  good 
condition. 

6.5.2  Chronometers.  A  quality  watch  with 
a  sweep  second  hand  that  keeps  time  within 
two  minutes  per  day  is  considered  a  primary 
instrument. 

6.5.3  Other  Devices.  The  combination  of  a 
line  frequency  strobe  and  chronometer  shall 
be  used  to  calibrate  all  other  speed  measuring 
devices.  Friction  driven  counters  shall  not  be 
used  when  they  can  influence  the  speed  due 
to  drag. 

6.6  Air  Density.  Air  density  shall  be  calcu¬ 
lated  from  measurements  of  wet-bulb  tem¬ 
perature,  dry-bulb  temperature,  and  baromet¬ 
ric  pressure.  Other  parameters  may  be 
measured  and  used  if  the  maximum  error  in 
the  calculated  density  does  not  exceed  0.5'  ! . 

6.6.1  Thermometers.  Both  wet-  and  dry- 
bulb  temperatures  shall  be  measured  with 
thermometers  or  other  instruments  with  dem¬ 
onstrated  accuracies  of  2  F  and  readabili¬ 
ties  of  1  ’F  or  finer. 

6.6.1. 1  Calibration.  Thermometers  shall 
be  calibrated  over  the  range  of  temperatures 
to  be  encountered  during  test  against  a  ther¬ 
mometer  with  a  calibration  that  is  traceable 
to  the  National  Bureau  of  Standards. 

6.6.1. 2  Wet-Bulb.  The  wet-bulb  thermom¬ 
eter  shall  have  an  air  velocity  over  the  water- 
moistened  wick-covered  bulb  of  700  to  2000 
fpm  [17].  The  dry-bulb  thermometer  shall 
be  mounted  upstream  of  the  wet-bulb  ther¬ 
mometer  so  its  reading  will  not  be  depressed. 

6.6.2  Barometers.  The  barometric  pressure 
shall  be  measured  with  a  mercury  column 
barometer  or  other  instrument  with  a  demon¬ 
strated  accuracy  of  '  0.06  in.  Hg  and  read¬ 
able  to  0.01  in.  Hg  or  finer. 
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6.6.2.1  Calibration.  Barometers  shall  be 
calibrated  apainst  a  mercury  column  barome¬ 
ter  with  a  calibration  that  is  traceable  to  the 
National  Bureau  of  Standards.  A  convenient 
method  of  doing  this  is  to  use  an  aneroid  ba¬ 
rometer  as  a  transfer  instrument  and  carry  it 
back  and  forth  to  the  Weather  Bureau  Station 
lor  comparison  [18],  A  permanently  mounted 
mercury  column  barometer  should  hold  its  cal¬ 
ibration  well  enough  so  that  comparisons 
every  three  months  should  be  sufficient.  Trans¬ 
ducer  type  barometers  shall  be  calibrated  for 
each  test.  Barometers  shall  be  maintained  in 
good  condition. 

6.fi.2.2  Corrections.  Barometric  readings 
shall  be  corrected  for  any  difference  in  mer¬ 
cury  density  from  standard  or  any  change  in 
length  of  the  graduated  scale  due  to  tempera¬ 
ture.  Refer  to  manufacturer’s  instructions. 

7.  Equipment  and  Setups 

7.1  Ducts.  A  duct  may  be  incorporated  in  a 
laboratory  setup  to  provide  a  measuring  sta¬ 
tion  or  to  simulate  the  conditions  the  fan  is 
expected  to  encounter  in  service  or  both.  The 
dimension  D  in  the  test  setup  figures  is  the 
itiside  diameter  of  a  circular  cro.s.s-section 
duct  or  the  equivalent  diameter  of  a  rectangu¬ 
lar  cross-section  duct  with  inside  transverse 
dimensions  a  and  b  where  D  =  Viab/n. 

7.1.1  Flow  Measuring  Ducts.  Ducts  with 
measuring  stations  for  flow  determination 
shall  be  straight  and  have  uniform  circular 
cross  sections.  Pitot  traverse  ducts  shall  be 
at  least  10  diameters  long  with  the  traverse 
plant?  located  between  8.5  and  8.75  diameters 
from  the  upstream  end.  Such  ducts  may  serve 
as  an  inlet  or  an  outlet  duct  as  well  as  to  pro¬ 
vide  a  measuring  station.  Ducts  connected  to 
the  upstream  side  of  a  flow  nozzde  shall  be 
between  6.5  and  6.75  diameters  long  when 
used  only  to  provide  a  measuring  station  or 
between  9.5  and  9.75  diameters  long  when  u.sed 
as  an  outlet  duct  as  well. 

7.1.2  Pressure  Measuring  Ducts.  Ducts  with 
stations  for  pressure  measurements  shall  be 
straight  and  may  have  either  uniform  circular 
or  rectangular  cross  sections.  Outlet  ducts 
with  piezometer  rings  shall  be  at  least  10 
diameters  long  with  the  piezometer  plane  lo¬ 
cated  between  8.6  and  8.75  diameters  from  the 
upstream  end. 


7.1.3  Short  Ducts.  Outlet  ducts  in  which 
no  measurements  are  taken  shall  be  between 
2  and  3  equivalent  diameters  long  and  an  area 
within  0.5'};  of  the  fan  outlet  area  and  a  uni¬ 
form  shape  to  fit  the  fan  outlet  [19]. 

7.1.4  Transformation  Pieces.  Transforma¬ 
tion  pieces  shall  be  used  when  a  duct  with  a 
measuring  station  is  to  be  connected  to  the 
fan  and  it  is  of  a  size  or  shape  that  differs 
from  the  fan  connection.  Such  pieces  shall 
not  contain  any  converging  element  that 
makes  an  angle  with  the  duct  axis  of  greater 
than  7.5  degrees  or  a  diverging  element  that 
makes  an  angle  with  the  duct  axis  of  greater 
than  3.5  degrees.  The  axes  of  the  fan  opening 
and  duct  shall  coincide.  See  Figure  5.  Con¬ 
necting  ducts  and  elbows  of  any  size  and  shape 
may  be  used  between  a  duct  which  provides 
a  measuring  station  and  a  chamber. 

7.1.5  Duct  Area.  Outlet  ducts  used  to  pro¬ 
vide  measuring  stations  shall  be  not  more 
than  5.0';  larger  or  smaller  than  the  fan  out¬ 
let  area.  Inlet  ducts  used  to  provide  measur¬ 
ing  stations  shall  be  not  more  than  12.5'.' 
larger  nor  7.5'!  smaller  than  the  fan  inlet 
area. 

7.1.6  Roundness.  The  portion  of  a  Pitot 
traverse  duct  within  one-half  duct  diameter 
of  either  side  of  the  plane  of  measurement 
shall  be  round  within  O.S'.'  of  the  duct  diame¬ 
ter.  The  remainder  of  the  duct  shall  be  round 
within  1';  of  the  duct  diameter.  The  area  of 
the  plane  of  measurement  shall  be  determined 
from  the  average  of  four  diameters  measured 
at  45'-'  increments.  The  diameter  measure¬ 
ments  shall  be  accurate  to  0.27; . 

7.1.7  SIraighteners.  Straighteners  shall  be 
used  in  all  ducts  which  provide  measuring  sta¬ 
tions.  The  downstream  plane  of  the  straight- 
ener  shall  be  located  between  5  and  5.25  duct 
diameters  upstream  of  the  plane  of  the  Pitot 
traverse  or  piezometer  station.  The  form  of 
the  straightener  shall  Ive  as  specified  in  Figure 
6  [20].  The  dimension  D  is  the  inside  diame¬ 
ter  of  a  circular  cross-.section  duct  or  the 
equivalent  diameter  of  a  rectangular  cross- 
section  duct  with  inside  transverse  dimensions 
a  and  b  where  D  —  \l  l,ab.'-.  The  dimension 
y  which  is  the  thickness  of  the  straightener 
elements,  shall  not  exceed  0.005  D. 
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7.1.8  Inlet  Bells.  Inlet  bells  may  be  mounted 
on  the  fan  inlet  to  simulate  an  inlet  duct.  The 
bell  connection  shall  be  the  same  size  and 
shape  as  the  fan  inlet  connection.  The  bell 
shall  have  a  coefficient  of  contraction  of  0.94 
or  ureater. 

7.2  Chambers.  A  chamber  may  be  incorpo¬ 
rated  in  a  laboratory  setup  to  provide  a  meas- 
urinpr  station  or  to  simulate  the  conditions  the 
fan  i.s  expected  to  encounter  in  service  or  both. 
A  chamber  may  have  a  circular  or  rectangular 
cross-sectional  shape.  The  dimension  M  in 
the  test  setup  diagram  is  the  inside  diameter 
of  a  circular  chamber  or  the  equivalent  diam¬ 
eter  of  a  rectangular  chamber  with  inside 
transverse  dimensions  a  and  b  where 

M  X'iab/n. 

7.2.1  Outlet  Chambers.  An  outlet  chamber 
shall  have  a  cross-sectional  area  at  least  nine 
times  the  area  of  the  fan  outlet  or  outlet  duct 
for  fans  with  axis  of  rotation  perpendicular  to 
the  discharge  flow  and  a  cross-sectional  area 
at  least  sixteen  times  the  area  of  the  fan  out¬ 
let  or  outlet  duct  for  fans  with  axis  of  rota¬ 
tion  parallel  to  the  discharge  flow  [21]. 

7.2.2  Inlet  Chambers.  Inlet  chambers  shall 
have  a  cro.ss-.sectional  area  at  least  five  times 
the  fan  inlet  area  [21], 

7.2.3  Flow  Settling  Means.  Flow  settling 
means  shall  be  installed  in  chambers  where 
indicated  on  the  test  setup  figures  to  provide 
proper  flow  patterns  [21]. 

Where  a  measuring  plane  is  located  down¬ 
stream  of  the  settling  means,  the  settling 
means  is  provided  to  insure  a  substantially 
uniform  flow  ahead  of  the  measuring  plane. 
In  this  case,  the  maximum  velocity  at  a  dis¬ 
tance  0.2M  downstream  of  the  screen  shall 
not  exceed  the  average  velocity  by  more  than 
25 unless  the  maximum  velocity  is  less  than 
400  feet  per  minute. 

Where  a  measuring  plane  is  located  up¬ 
stream  of  the  settling  means,  the  purpose  of 
the  settling  .screen  i.s  to  absorb  the  kinetic 
energy  of  the  upstream  jet,  and  prevent  the 
generation  of  excessive  recirculation  within 
the  chamber.  In  this  case,  the  maximum  re¬ 
verse  velocity  in  space  upstream  of  the  screen 
shall  not  exceed  lO'V  of  the  calculated  mean 
jet  velocity. 


Where  measuring  planes  are  located  on 
both  aides  of  the  settling  means  within  the 
chamber,  the  requirements  for  each  side  as 
outlined  above  shall  be  met. 

Any  combination  of  screens  or  perforated 
plates  that  will  meet  these  requirements  may 
be  used,  but  in  general  a  reasonable  chamber 
length  for  the  settling  means  is  necessary  to 
meet  both  requirements.  Three  uniform 
square  mesh  round  wire  screens  spaced  O.lM 
apart  with  609? .  50''! ,  and  45'  1  open  areas  for 
the  first,  second,  and  third  screen  respectively, 
may  be  considered  to  meet  the  above  perform¬ 
ance  specifications.  Tolerances  of  ±  2%  open 
area  are  allowable. 

7.2.4  Multiple  Nozzles.  Multiple  nozzles 
shall  be  located  as  symmetrically  as  pos.sible. 
The  centerline  of  each  nozzle  shall  be  at  least 
1.5  nozzle  throat  diameters  from  the  chamber 
wall.  The  minimum  disUince  between  center.s 
of  any  two  nozzles  in  simultaneous  use  shall 
be  three  times  the  throat  diameter  of  the 
larger  nozzle. 

7.3  Variable  Supply  and  Exhaust  Systems.  A 
means  of  varying  the  point  of  operation  shall 
be  provided  in  a  laboratory  setup. 

7.3.1  Throttling  Devices.  Throttling  devices 
may  be  used  to  control  the  point  of  operation 
of  the  fan.  Such  devices  shall  be  located  on 
the  end  of  the  duct  or  chamber  and  should  be 
symmetrical  about  the  duct  or  chamber  axis. 

7.3.2  Auxiliary  Fans.  Auxiliary  fans  may 
be  used  to  control  the  point  of  operation  of 
the  test  fan.  They  shall  be  designed  to  pro¬ 
duce  sufficient  pressure  at  the  desired  flow 
rate  to  overcome  losses  through  the  test  set¬ 
up.  Flow  adjustment  means,  such  as  dampers, 
pitch  control,  or  speed  control  may  be  required. 
Auxiliary  fans  shall  not  surge  or  pulsate  dur¬ 
ing  tests. 

7.4  Setups.  Ten  setups  are  diagrammed  in 
Figures  7  through  16. 

7.4.1  Leakage.  The  ducts,  chambers,  and 
other  eq-4iV'ment  utilized  shall  be  designed  to 
withstand  the  pressure  and  other  forces  to 
be  encountered.  All  joints  between  the  fan 
and  the  measuring  station  shall  be  sufficiently 
tight  so  that  measurements  are  not  affected 
more  than  one-half  the  allowable  instrument 
error. 
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7.4.2  Simulation.  The  setup  .shall  be  capable 
of  liuplicatintt  or  simulating  the  inlet  and  out¬ 
let  loiulitions  tor  which  the  fan  is  to  be  rated. 
The  reason  for  this  is  that  the  performance 
1)1  a  fan  may  be  influenced  by  the  inlet  and 
"utU't  conditions  [22].  The  simulation  of  in¬ 
let  and  outlet  conditions  resulting  from  any¬ 
thing  other  than  straight  ducts  or  no  ducts 
)i)nnectcd  to  the  fan  is  beyond  the  scope  of 
this  Standard.  However,  any  appurtenance 
which  i.s  considered  a  part  of  the  fan  shall 
lie  in  place  during  testing.  If  the  appurtenance 
is  mounted  on  the  inlet  or  outlet  of  the  fan, 
the  inlet  or  outlet  of  the  appurtenance  shall 
he  consideretl  the  inlet  or  outlet  of  the  fan. 

7.1..$  Selection  (iuide.  The  following  may 
he  usetl  as  a  guide  to  the  selection  of  a  proper 
si'tUp. 

( 1 )  Figures  7  through  10  may  be  used 
lor  tests  of  fans  intended  to  be  rated  with 
outlet  ducts  and  with  or  without  inlet  ducts. 

(2)  Figures  11  through  15  may  be  used 
for  tests  of  fans  intended  to  be  rated  with  or 
without  outlet  ducts  and  with  or  without  inlet 
ilucts. 

(1$)  I'igure  16  may  bi“  used  for  test.s  of 
fans  intended  to  be  rated  with  inlet  ducts  and 
with  or  without  outlet  ducts. 


S.  ()h.sei-vation.s  and  Conduct  of  Test 

N.l  (General  Test  Requirements 

8.1.1  DAerminations.  The  number  of  de¬ 
terminations  required  to  establish  the  per¬ 
formance  of  a  fan  over  the  range  from  shut 
oti  to  free  delivery  will  depend  on  the  shapes 
of  the  various  characteristic  curves.  Plans 
shall  be  made  to  vary  the  opening  of  the 
throttling  device  in  such  a  way  that  the  te.st 
points  will  be  well  spaced.  For  smooth  char¬ 
acteristics.  at  least  eight  determinations  shall 
be  made.  Additional  determinations  may  be 
I'cquired  to  define  curves  which  are  not 
smooth.  When  performance  at  one  point  of 
oper.ition  only  is  required,  at  least  three  de¬ 
terminations  shall  be  made  to  define  a  short 
cur\c  which  includes  that  point. 

8.1.2  Equilibrium.  Flquilibrium  conditions 
shall  lie  established  before  each  determination. 
To  test  for  equilibrium,  trial  observations  shall 
be  made  until  steady  readings  are  obtained. 
Ranges  of  air  delivery  over  which  equilibrium 
cannot  be  established  shall  be  recorded. 


8.1.3  Stability.  Any  bi-stable  performance 
points  (air  flow  rates  at  which  two  different 
pressure  values  can  be  measured)  shall  be  so 
reported.  When  they  are  a  result  of  hyster¬ 
esis.  the  points  shall  be  identified  as  that  for 
decreasing  air  flow  rate  and  that  for  increas¬ 
ing  air  flow  rate. 

8.2  Data  to  be  Recorded 

8.2.1  Test  Unit.  The  description  of  the  test 
unit  shall  be  recorded.  The  nameplate  data 
should  be  copied.  Dimensions  should  be 
checked  against  a  drawing  and  a  copy  of  the 
drawing  attached  to  the  data. 

8.2.2  Test  Setup.  The  description  of  the 
test  setup  including  specific  dimensions  shall 
be  recorded.  Reference  may  be  made  to  the 
figures  in  this  Standard.  Alternatively,  a 
drawing  or  annotated  photograph  of  the  set¬ 
up  may  be  attached  to  the  data. 

8.2.3  Instruments.  The  instruments  and  ap¬ 
paratus  used  in  the  test  shall  be  listed.  Names, 
model  numliei-s,  serial  numliers,  scale  ranges, 
and  calibration  information  should  be  re¬ 
corded. 

8.2.1  Test  Data.  Test  data  for  each  deter¬ 
mination  .shall  be  recorded.  Reading's  .shall  be 
made  simultaneously  whenever  possible. 

8.2.4. 1  All  Tests.  For  all  types  of  tests, 
three  readings  of  ambient  dry-bulb  tempera¬ 
ture  (f,/,.),  ambient  wet-bulb  temperature 
(f.,  ),  ambient  barometric  pressure  (p,.),  fan 
outlet  dry-bulb  temperature  (t,/..),  fan  speed 
(.V),  and  either  beam  load  (F),  torque  (T), 
or  power  input  to  motor  (IF)  shall  be  rc- 
cortled  unle.ss  the  readings  are  steady  in  which 
case  only  one  need  be  recorded. 

8. 2. 4. 2  Pilot  Test.  For  Pitot  traverse 
test.s,  one  reading  each  of  velocity  pressure 
(F,  ,)  and  static  pressure  {P,.,,)  shall  be  re¬ 
corded  for  each  Pitot  station.  In  addition, 
three  readings  of  traverse-plane  dry-bulb  tem¬ 
perature  (f,,  )  shall  be  recorded  unless  the 
readings  are  steady  in  which  case  only  one 
need  be  recorded. 

8. 2. 4.3  Duct  Nozzle  Tests.  For  duct  noz¬ 
zle  tests,  one  reading  each  of  pressure  drop 
(AP),  approach  dry-bulb  temperature  (f,,;). 
and  approach  static  pressure  {P,,)  shall  be 
recorded, 

8.2.4.4  ('hamber  Nozzle  Tests.  For  cham¬ 
ber  nozzle  teats,  one  reading  each  of  pressure 
drop  (AP),  approach  dry-bulb  temperature 

and  approach  static  pressure  (P.^)  shall 
be  recorded. 
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8.2.4..1  Inlet  rhamber  Tests.  For  inlet 
c'hamlifr  tests,  one  readinfj  each  of  inlet  cham¬ 
ber  dry-bulb  temperature  and  inlet 

chamber  total  pressure  (Pi,)  shall  be  re¬ 
corded. 

8.2. 1.6  Outlet  Chamber  Tests.  For  outlet 
chamber  tests,  one  reading  each  of  outlet 
chamber  dry-bulb  temperature  (t^r)  and  out¬ 
let  chamber  static  pressure  (Pn)  shall  be 
recorded. 

8. 2.4. 7  Outlet  Duct  Chamber  Tests.  For 

outlet  duct  chamber  teats,  one  reading  each 
of  outlet  duct  dry-bulb  temperature  (t.,.,)  and 
outlet  duct  static  pressure  (P,,)  shall  be  re- 
cordc'd. 

8. 2.4. 8  l.ow  Pressure  Teats.  For  testa 
vnere  P,  is  less  than  4  in.  wg  the  tempera¬ 
tures  may  be  considered  uniform  throughout 
the  test  setup  and  only  f,j„  and  f„„  need  be 
measured 

8.2.5  Personnel.  The  names  of  teat  person¬ 
nel  shall  be  listed  with  the  data  for  which  they 
are  rc'sponaible. 

9.  Calculations 

9.1  Calibration  Correction.  Calibration  correc¬ 
tion.^.  when  required,  shall  be  applied  to  indi¬ 
vidual  readings  before  averaging  or  other 
calculations.  Calibration  corrections  need  not 
tie  made  if  the  correction  is  smaller  than  one 
half  the  maximum  allowable  error  as  specified 
in  Section  6. 

9.2  Density  and  Viscosity  of  Air 

9.2.1  Atmospheric  Air  Density.  The  density 
of  atmospheric  air  {p„)  shall  be  determined 
from  measurements,  taken  in  the  general  test 
area,  of  dry-bulb  temperature  (tj„),  wet-bulb 
temperature  (f„„),  and  barometric  pres.sure 
(fh.)  using  either  Figure  17,  Table  1,  or  the 
following  formulae  [23]  [24]  : 

p,  J.96  s  10  't,,,/  -  1.59  X  10  ■f„„  +0.H. 


70.7.i(p„  -  0..17Sp„) 
R{t„„  +  4.59.7) 


9.2.2  Duct  or  Chamber  Air  Density.  The 
density  of  air  in  a  duct  or  chamber  at  Plane 
X  (px)  may  be  calculated  by  correcting  the 
density  of  atmospheric  air  (Po)  for  the  pres¬ 
sure  (P,j)  and  temperature  (t*,)  at  Plane  x 
using 


/ US9.7\tP,^+  13.6Spt 
’lfrfj.-t-459.7A  is.esp^ 


)■ 


If  P„  is  numerically  less  than  4  in.  wg,  may¬ 
be  considered  equal  to  p,. 

9.2.3  Fan  Air  Density.  The  fan  air  density 
(p)  shall  be  calculated  from  the  density  of 
atmospheric  air  (p„) ,  the  total  pre.ssure  at  the 
fan  inlet  (P,;),  and  the  total  temperature  at 
the  fan  inlet  (f,,)  using 

(P„  +  lS.6Sp,\(t„„+  i59.7\ 

^  is.esp,  1,59.7 !' 

On  all  outlet  duct  and  outlet  chamber  setups, 
P,,  is  equal  to  zero  and  t,,  i.s  equal  to  f„,,.  On 
all  inlet  chamber  setups,  P,,  is  equal  to  P„  and 
t,,  is  equal  to  t^,.  On  the  inlet  duct  setup,  f., 
is  equal  to  and  Pi,  may  be  considered  equal 
to  P,j  for  fan  air  density  calculations. 

9.2.4  Air  Viscosity.  The  viscosity  (p)  shall 
be  calculated  from 

M  =  ill. 00  *  O.OlHt,,)  X  10  \ 

The  value  for  68'  F  air  which  is  1.222  x  10 
Ibm  ft-s  may  be  used  for  temperatures  rang¬ 
ing  between  40"  F  and  100°F  [26]. 


9.3  Fan  Flow  Kate  at  Test  Conditions 

9.3.1  Pitot  Traverse.  The  fan  flow  rate  may 
be  calculated  from  velocity  pressure  measure¬ 
ments  (P,.,, )  taken  by  Pitot  traverse. 

9. 3.1.1  Velocity  Pressure.  The  velocity 
pressure  (P,  i)  corresponding  to  the  average 
velocity  shall  be  obtained  by  taking  the  square 
roots  of  the  individual  measurements  (P,,,). 
summing  the  roots,  dividing  the  .sum  by  the 
number  of  measurements  (n),  and  squaring 
the  quotient  as  indicated  by 

p 


The  first  equation  is  approximately  correct  for 
p,  for  a  range  of  f„.„  between  40°F  and  90'’F. 
More  pre'cise  values  of  p.  can  be  obtained  from 
the  ASHRAE  Handbook  of  Fundamentals 
[25],  The  gas  constant  (R)  may  be  taken  as 
53.35  ft-lb  Ibm-  R  for  air. 


9.3.1.2  Velocity.  The  average  velocity 
(V.,)  .shall  be  obtained  from  the  density  at 
the  plane  of  traverse  (p,)  and  the  correspond¬ 
ing  velocity  pre.ssure  (P„i)  using 

V,  =  1096  V  P^:,. 
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9.3.1.3  Flow  Rate.  The  flow  rate  (Q.,)  at 
the  Pitot  traverse  plane  shall  be  obtained  from 
the  velocity  (V,)  and  the  area  (A,)  using 
Q,  ^  V,A,. 


9. 3. 1.4  Fan  Flow  Rate.  The  fan  flow  rate 
at  test  conditions  {Q)  shall  be  obtained  from 
the  equation  of  continuity, 

Q  QAf),f)L 


9.3.2  Nozzle.  The  fan  flow  rate  may  be  cal¬ 
culated  from  the  pressure  differential  (AP) 
measured  across  a  single  nozzle  or  a  bank  of 
multiple  nozzles. 


9.3.2. 1  Alpha  Ratio.  The  ratio  (a)  of 
absolute  nozzle  exit  pressure  to  absolute  ap¬ 
proach  pressure  shall  be  calculated  from 


P,,  l.i.6Sp„ 
p„  +  i:i.6Sp,: 


or 


5.1S7SP 

'*  ‘  MU  ns  -7) 

The  gas  constant  (P)  may  be  taken  as  53.35 
ft-U)  Ibm-  R  for  air.  Plane  x  is  Plane  4  for 
duct  approach  or  Plane  5  for  chamber  ap¬ 
proach. 

9. 3. 2. 2  Beta  Ratio.  The  ratio  (/3)  of  noz¬ 
zle  exit  diameter  (D«)  to  approach  duct  diam¬ 
eter  (Z)^)  shall  be  calculated  from 

a  i).  />.. 

For  a  duct  approach  —  D For  a  chamber 
approach.  Dj  —  and  /3  may  be  taken  as 
zero. 

9. 3. 2. 3  Expansion  Factor.  The  expansion 
factor  (F)  may  be  obtained  from  Table  2  or 


\ 


a‘ 


1  -  a” 


1  -  "J  ■ 


y  -  1  1  -  a 

The  ratio  of  sjjecific  heats  (y)  may  be  taken 
as  1.400  for  air.  Alternatively,  the  expansion 
factor  for  air  may  be  approximated  with  suffl- 
cient  accuracy  under  this  Standard  using 
Y  I  -  +  OJtfiUd  -  oi. 

9.3. 2.4  Energy  Factor.  The  energy  factor 
iE)  may  be  determined  by  measuring  velocity 
pressures  (P,,)  upstream  of  the  nozzle  at 
standard  traverse  stations  and  calculating 


-  T- 


Sufficient  accuracy  can  be  obtained  for  setups 
qualifying  under  this  Standard  by  .setting  E 
1.0  for  chamber  approach  or  E  —  1.0 iS  for 
duct  approach  [14]. 

9.3.2.5  Reynolds  Number.  The  Reynolds 
number  (Re)  based  on  nozzle  exit  diameter 
(Ds)  in  ft  shall  be  calculated  from 


Re 


60  ps 


using  properties  of  air  as  determined  in  9.2 
and  the  appropriate  velocity  (Fj)  in  fpm. 
Since  the  velocity  determination  depends  on 
Reynolds  number  an  approximation  must  be 
employed.  It  can  be  shown  that 


Pc  =  ^  CThY 


•v; 


APp.r 

-  E(i^ 


For  duct  approach  Ps  —  p4-  For  chamber 
approach  Ps  -  Ps-  and  /3  may  be  taken  as 
zero.  A  simplified  approximation  suitable  for 
the  range  of  temperatures  from  40°F  to  100‘F 

Re  =  I  ,,16.1,000  . 


This  is  based  on  C  =  0.9,5,  Y  =  0.96,  E  ~ 
1.0,  andp  1.222  X  10-^  Ibm/ft-s. 


9.3.2.<>  Discharge  Coefficient.  The  nozzle 
di.scharge  coefficient  (C)  shall  be  determined 
from  Figure  18,  Table  3,  or 


r 


\  Re  Re  D 


r-  0.9966-^,  for  ^  =  0.5 

\  Re  Pc  ^ 


for  P(  of  12,000  iind  above  [14]. 

9.3.2.”  Flow  Rale  for  Ducted  Nozzle.  The 
volume  flow  rate  {()■)  at  the  entrance  to  a 
ducted  nozzle  shall  be  calculated  from 
Iti96('AJ’  \_AP/py 

The  area  (.4,;)  is  measured  at  the  plane  of  the 
throat  taps. 

9.3. 2. 8  Flow  Rate  for  Chamber  Nozzles. 

The  volume  flow  rate  ((),)  at  the  entrance 
to  a  nozzle  or  multiple  nozzles  with  chamber 
approach  shall  be  calculated  from 

Q;  -  I096Y  \  ^7p,  i(CA«). 
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The  coefficient  (C)  and  area  {A,)  must  be 
determined  for  each  nozzle  and  their  products 
summed  as  indicated.  The  area  (A,)  is  meas¬ 
ured  at  the  plane  of  the  throat  taps  or  the 
nozzle  exit  for  nozzles  without  throat  taps. 

9.3.2.9  Fan  Flow  Rate.  The  fan  flow  rate 
(Q)  at  test  conditions  shall  be  obtained  from 
the  equation  of  continuity, 

Q  =  Qs(prlp) 

where  Plane  x  is  either  Plane  4  or  Plane  6  as 
appropriate. 

9.4  Fan  Velocity  Pressure  at  Test  Conditions 

9.4.1  Pitot  Traverse.  When  Pitot  traverse 
mea.surements  are  made,  the  fan  velocity  pres¬ 
sure  (P,)  shall  be  determined  from  the  ve¬ 
locity  pressure  (P„.i)  using 


Whenever  P„  and  P„  differ  by  leas  than  4  in. 
wg,  pj  may  be  considered  equal  to  p^. 

9.4.2  Nozzle.  When  flow  rate  is  de*^ermined 
from  nozzle  measurements,  the  fan  velocity 
pressure  (P,)  shall  be  calculated  from  the 
velocity  (F,)  and  density  (p,)  at  the  fan  out¬ 
let  using 

Qi  =  Q(p/pi), 

Fa  =  Qi/Az,  and 
P,.=  (Vi/logeYpz,  or 

'  \l096Aj  P: 


9.5  Fan  Total  Pressure  at  Test  Conditions. 

The  fan  total  pressure  shall  be  calculated  from 
measurements  of  pressures  in  ducts  or  cham¬ 
bers  corrected  for  pressure  losses  in  measur¬ 
ing  ducts  which  occur  between  the  fan  and  the 
measuring  .stations. 

9.5.1  Averages.  Certain  averages  shall  be 
calculated  from  measurements  as  follows : 

9.5. 1.1  Pitot  Traverse.  When  a  Pitot  trav¬ 
erse  is  used  for  pressure  measurement;  the 
average  velocity  pressure  (P,,)  shall  be  as 
determined  in  9.3. 1.1,  the  average  velocity 
(F,)  shall  be  as  determined  in  9.3.1.2,  and  the 
average  static  pressure  (P,j)  shall  be  calcu¬ 
lated  from 

p  —  •3r 


9.5.1.2  Duct  Piezometer.  When  a  duct 
piezometer  is  used  for  pressure  measurement : 
the  average  static  pressure  (P,»)  shall  be  the 
measured  value  (P.i,),  the  average  velocity 
(Fj)  shall  be  calculated  from  the  flow  rate 
(Q)  as  determined  in  9. 3.2.9,  and 


and  the  average  velocity  pressure  (Pv*)  shall 
be  calculated  from 


9.5.1.3  Chamber.  When  a  chamber  piezo¬ 
meter  or  total  pressure  tube  is  used  for  pres¬ 
sure  measurement,  the  average  static  pressure 
(P,?)  shall  be  the  measured  value  (P,?,)  and 
the  average  total  pressure  (P„)  shall  be  the 
measured  value  (Pf„  ). 

9.5.2  Pressure  I.osses.  Pressure  losses  shall 
be  calculated  for  measuring  ducts  and  straight- 
eners  which  are  located  between  the  fan  and 
the  measuring  .station. 

9.5.2.1  Hydraulic  Diameter.  The  hydrau¬ 
lic  diameter  for  round  ducts  is  the  actual  di¬ 
ameter  (D).  The  hydraulic  diameter  for  rec¬ 
tangular  ducts  shall  be  calculated  from  the 
inside  traverse  dimensions  a  and  h  using 

Dk  =  2  ab  '  {a  +  b). 

9.5.2.2  Reynolds  Number.  The  Reynolds 
number  (Re)  based  on  the  hydraulic  diameter 
(Dk)  in  ft  shall  be  calculated  from 


using  properties  of  air  as  determined  in  9.2 
and  the  appropriate  velocity  (F)  in  fpm. 

9.5.2.3  Coefficient  of  Friction.  The  coef¬ 
ficient  of  friction  (/)  shall  be  determined 
from  Figure  19  [27]  or  from 

/  O.n  Re" 

9.5.2.4  Equivalent  Length.  The  ratio  of 
equivalent  length  of  a  .straightener  (L,)  to 
hydraulic  diameter  (D,;  .shall  be  determined 
from  Table  4  [27]  using  the  element  thickness 
(y)  and  equivalent  diameter  (D)  or  from 

^  ^ _ 15M _ 

D,  [1  -  26.65(y/D)  ’ 

This  expression  is  exact  for  round  duct 
straightener s  and  sufficiently  accurate  for 
rectangular  duct  straighteners. 
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9.r».;{  Inlet  Total  Pressure.  The  total  pres¬ 
sure  at  the  Ian  inlet  (P,,)  shall  he  calculated 

as  fdllows; 

Open  Inlet.  When  the  fan  draws 
ilireitly  from  atmnsphere,  P,,  shall  he  con¬ 
sidered  e(|nal  In  atmospheric  pressure,  which 
is  zero  tranjre,  so  that 
I’,  o. 

9.. '). 3. 2  Inlet  ('hamber.  When  the  fan  is 
eonneeted  to  an  inlet  chamher,  P,,  shall  be  con¬ 
sidered  c(|ual  to  the  chamber  pressure  (P,,), 
so  that 

P,  P„. 

9. 5.3. 3  Inlet  Duct.  When  the  fan  is  con¬ 
nected  to  an  inlet  duct,  P  ,  shall  he  considered 
iiinal  to  the  aluehraic  sum  of  the  averaKe 
static  prc'ssure  (P, ,)  and  the  tiverane  velocity 
pressure  (P  )  corrected  for  the  friction  due 
to  the  lenpth  of  duct  (L,  )  between  the  meas- 
nriny  station  ttnd  the  fan,  so  that 

Po  r.,  ■  r.,  I>.„ 

‘  'h:i 

I’rcssniH'  P,,  will  he  less  than  atmospheric  iind 
its  value  will  he  negative. 

9.5.1  Outlet  Total  Pres.sure.  The  total  pres¬ 
sure  iit  the  fiin  outlet  (P, .)  shall  he  calculated 
as  follows : 

9.5. 1.1  Open  Outlet.  When  the  fan  dis- 
t  harjrcs  dirtKtly  to  titmosphere,  the  static  pres- 
suri'  at  the  outlet  (P,  )  shall  Ik*  considered 
ispial  to  atmospheric  pressure,  which  is  zero 
yau^'e,  so  that 

P  P  P. 

The  value  of  P  shall  be  as  determined  in  9.4. 

9.5. 1.2  Outlet  Chamber.  When  the  fan 
discharges  directly  i?ito  an  outlet  chamlwr,  the 
static  pressure  at  the  outlet  (P.  )  shall  he 
considered  opual  to  the  average  chamber  pres 
sure  ( P.; ) ,  so  that 

P  P  :  P  :  P.;  +  P,. 

The  value  of  P  shall  he  as  determined  in  9.4. 

9.5. 1.3  Short  Duct.  When  the  fan  dis¬ 
charges  through  an  outlet  duct  without  a 
measuring  station  either  to  atmosphere  or 
into  an  outlet  chamber,  the  pressure  loss  of 
the  duct  shall  he  considered  zero  and  calcula¬ 
tions  made  accordiny  to  9.5.4. 1  or  9. 5. 4. 2. 

9.. 5.4.4  Piezometer  Outlet  Duct.  When  the 
fan  discharges  into  a  duct  with  a  piezometer 
riny,  P,  shall  he  considered  equal  to  the  sum 
of  the  averaye  static  pressure  (P,,)  and  the 


averaye  velocity  pressure  (P, ;)  corrected  for 
the  friction  due  to  both  the  equivalent  lenyth 
of  the  straiyhtener  (/., )  and  the  lenyth  of  duct 
(L. .)  between  the  fan  and  the  measuriny  sta¬ 
tion,  so  that 

^  f  it.  *  ity- 


9.5.4. 5  Pitot  Outlet  Duct.  When  the  fan 
di.scharyes  into  a  duct  with  a  Pitot  traverse, 
P,/  shall  he  considered  e(iual  to  the  sum  of  the 
averaye  statie  [iressure  (P,  )  and  the  averaye 
velocity  pressure  (P  )  eorrected  for  the  fric¬ 
tion  due  to  both  the  eijuivalent  lenyth  of  the 
straiyhtener  (P, )  and  the  lenyth  of  duct  (L  ) 
between  the  fan  and  the  measuriny  station,  -o 
that 


P,:. 


+  p,, 


9.5.5  Fan  Total  Pressure.  The  fan  total 
l)ressnic  (/',)  shall  he  calculated  from 

P,  P.  Pm. 

This  is  an  alyehraic  expression  so  that  if  P  , 
is  neyative,  P,  will  he  numerically  yreater 
than  1’,  . 


H 


9.6  Fan  Static  Pressure  at  Test  Conditions. 

The  fan  static  pi-c-siire  (/'  )  shall  he  calcu¬ 
lated  from 

P  P,  P. 

9.7  Fan  I*ower  Input  at  Test  Conditions. 

9.7.1  Re:iclion  Dynamometer.  When  a  reac¬ 
tion  dynamometer  i-  used  to  mea-ure  torque, 
the  fan  power  input  (//»  shall  Ijc  ealculaied 
from  the  beam  load  {F),  the  moment  arm  (//, 
and  the  fan  speed  (.V)  usiny 

JTT/'V.y 
.t.iodo  X  IJ' 

9.7.2  Torsion  Element.  When  a  torsion  ele¬ 
ment  is  used  to  measure  toripie,  the  fan  po-wei- 
input  (//)  shall  he  calculated  from  the  torque 
(7)  and  the  speed  (N)  usiny 

JnTN 
l.iOOO  X  IS 

9.7. .3  Calibrated  Motor.  When  a  calibrated 
electric  motor  is  used  to  measure  input,  the 
fan  power  input  (//)  may  he  calculated  from 
the  power  input  to  the  motor  (H')  and  the 
motor  efficiency  (tj)  usiny 


H 


H 


Wv 

7ir>.7' 
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9.8  Fan  Efficiency 

9.8.1  Fan  Power  Output.  The  fan  power  out¬ 
put  (//„)  would  be  proportional  to  the  product 
of  fan  flow  rate  (Q)  and  fan  total  pressure 
(P,)  if  air  were  incompressible.  Since  air  is 
compressible,  thermodynamic  effects  influence 
output  and  a  compre.ssibility  coefficient  (K,) 
must  be  applied  making  output  proportional 
lo(H’,  K,  [28], 

//.,  Q  Pi  Kf  / 

9.8.2  Compressibility  Factor.  The  compress¬ 
ibility  coefticient  {K^)  may  be  determined  from 

/*, 


P„  + 


(I  ud 


,  _  /y-/W  a.KIJH/Q  \ 

'  y  A/',,  f 

using  Figure  20  or  from 

(  jr  )(/„(/  t  -’1/ 

which  may  be  evaluated  directly  or  with  the 
aid  of  Table  5  values  [28].  P,.  P,,.  Pft,  P,  and 
are  all  test  values.  The  isentropic  exponent 
l-y)  may  be  taken  as  1.400  for  air.  ff  the  fan 
total  pressure  is  less  than  12  in.  wg,  the  value 
of  A'p  will  usually  be  greater  than  0.99  in 
which  case  the  value  of  K,.  may  be  taken  as 
unity. 

9.8.3  Fan  Total  Efficiency.  The  fan  total 
efficiency  (tj,)  is  the  ratio  of  fan  power  output 
to  fan  power  input  or 

6S62H' 

9.8.4  Fan  Static  Efficiency.  The  fan  static 
efficiency  (rjj  may  be  calculated  from  the  fan 
total  efliciency  (p,)  and  the  ratio  of  fan  static 
pressure  to  fan  total  pressure  using 

Vi  ”  vdPJ^i'f- 


9.9  Conversions  to  Nominal  Constant  Values 
of  Density  and  Speed.  During  a  laboratory 
test,  the  air  density  and  speed  of  rotation  may 
vary  slightly  from  one  determination  to  an- 
olher.  It  may  be  desirable  to  convert  the  re¬ 
sults  calculated  for  test  conditions  to  those 
that  would  prevail  at  nominal  constant  den¬ 
sity,  nominal  constant  speed,  or  both.  This 
may  be  done  provided  the  nominal  constant 
density  (p,.)  is  within  lO'l  of  the  actual  den¬ 
sity  (p)  and  the  nominal  constant  speed  (A',) 
is  within  5'/  of  the  actual  speed  (V). 


9.9.1  Compressibility  Factor  Ratio.  In  order 
to  make  the  conversions  it  is  necessary  to  de¬ 
termine  the  ratio  of  the  comi)ressibility  coef¬ 
ficient  for  actual  conditions  to  that  for  nomi¬ 
nal  conditions  This  can  be  accom¬ 

plished  using  previously  calculated  values  of 
X  and  z  for  actual  conditions  as  follows: 

z..  \P„  + lS.6Spj\pJ\N,}\y..~  l}\  y  )' 


(Since  the  ratios  of  specific  heats  y,,  and  y  are 
ecjual  for  air  at  laboratory  conditions  the  last 
two  factors  may  be  omitted  in  this  and  the 
following  equations.) 

Zr  =  zl(zlzr). 


jr.  -  -  /.  and 


If  A',,  A'p,  is  between  0.99  and  1.01,  it  may  be 
taken  as  unity.  Table  (>  may  be  used  to  deter¬ 
mine  In  (/  t  •'■)  or  In  (/  -i-  z)  and  their  anti- 
logs. 


9.9.2  Conversion  Formulae.  Actual  test  re¬ 
sults  may  bi>  converted  to  nominal  test  results 
using  the  following  [28] : 


p„  P, 


p„  p,.  -  p. 


Vu-  -  T?,,  and 
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lU.  Report  and  Results  of  Test 

10. 1  Report.  The  leporl  of  a  laboratory  fan 
tt'st  shall  include  object,  results,  test  data,  and 
(Icscript  ions  of  the  test  fan  ineludinp  appurte¬ 
nances,  tt'st  setup,  and  test  instruments  as 
outlined  in  Section  H,  The  laboratory  shall  be 
identitied  by  name  and  location. 

10.2  Performance  Curves.  The  results  of  a 
f.in  test  shall  be  presented  as  performance 
(  tir\cs.  Typical  fan  performance  curves  are 
shown  in  I-'i^rure  21 . 

10.2.1  Coordinates.  Performance  curves 
shall  be  drawn  with  fan  flow  rate  as  ab.scissa. 
h'an  pressure  and  fan  power  input  shall  l>e 
plotted  as  ordinates.  Fan  total  pressure,  fan 
static  pressure,  or  lioth  may  be  .shown  .  If  all 
results  were  obtained  at  the  same  speed  or 
if  results  were  converted  to  a  nominal  speed, 
such  speed  shall  be  listed;  otherwise  a  curve 
with  fan  spis'd  as  ordinate  shall  be  drawn.  If 
all  results  wine  obtained  at  the  same  air  den¬ 
sity  or  if  results  were  converted  to  a  nominal 
density,  such  density  shall  be  listed;  otherwi.se 
a  curve  with  fan  air  density  as  ordinate  sh.ill 
he  drawn.  Curves  with  fan  total  efficiency  or 


fan  .static  efficiency  as  ordinates  may  be 
drawn.  Rarometrii'  pressure  .shall  be  listed 
when  fan  pressures  exceed  10  in.  wp. 

10.2.2  Test  Points.  The  results  for  each  de¬ 
termination  shall  be  shown  on  the  perform¬ 
ance  curve  as  a  series  of  circled  points,  one 
for  each  variable  iilotted  as  ordinate. 

10.2..'!  Curve-FittinR.  Curves  for  each  vari¬ 
able  shall  be  obtained  by  drawing  a  curve  or 
curves  usinp  the  test  points  for  reference. 
The  curves  shall  not  depart  from  the  test 
points  by  more  than  0.5'.  of  any  test  value 
and  the  sum  of  the  deviations  shall  approxi¬ 
mate  zero. 

10.2.4  Discontinuities.  When  discontinuities 
exist  they  shall  be  identified  with  a  broken 
line.  If  enuilibrium  cannot  be  establi.shed  for 
any  determination,  the  curies  joining  the 
points  for  that  determination  with  adjacent 
points  shall  be  drawn  as  broken  lines. 

10.2.5  Identification.  Performance  curve 
sheets  sh.ill  list  the  test  fan  and  test  sctiiji. 
Sutlicient  details  shall  be  listed  to  identify 
clearly  the  fan  and  setu|i.  Otherwise,  a  report 
containing  such  information  shall  be  refer¬ 
enced. 
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Table  1  Psychrometric  Density  Table 


Dry-Bulb 

Density  of  Saturated  Air  for  Various  Barometric 
and  Hygrometric  Conditions — Ibm/ft’ 

Approx. 
Average 
Increase 
in  Density 
Per  ‘"F 
Wet-Bulb 
Depression 
ttrtu 

Temp. 

F 

Barometric  Pressure 
in.  Hg 

Increase 
in  Density 
Per  0.1  in. 
HgRise  in 
Barometer 

28.5 

29.0 

29.5 

30.0 

30.5 

31.0 

30 

.07703 

.07839 

.07974 

.08110 

.08246 

.08380 

.00027 

.000017 

31 

.07687 

.07822 

.07967 

.08093 

.08228 

.08363 

.00027 

.000017 

32 

.07671 

.07806 

.07940 

.03076 

.08210 

.08346 

.00027 

.000017 

33 

.07654 

.07789 

.07924 

.08058 

.03193 

.08327 

.00027 

.000018 

34 

,07638 

.07772 

.07907 

.08041 

.08176 

.08310 

.00027 

.000018 

35 

.07621 

.07756 

.07890 

.03024 

.08163 

.08292 

.00027 

.000018 

36 

.07605 

.07739 

.07873 

.03007 

.03141 

.08274 

.00027 

.000018 

37 

.07589 

.07723 

.07856 

.07990 

.08123 

.08257 

.00027 

.000019 

38 

.07573 

.07706 

.07840 

.07973 

03106 

.08239 

.00027 

.000019 

39 

.07657 

.07690 

.07823 

.07956 

.08089 

.08222 

.00027 

.000019 

40 

.07541 

.07674 

.07806 

.07939 

.08072 

.08205 

.00027 

.000019 

41 

.07525 

.07657 

.07790 

.07922 

.03065 

.03187 

.00026 

.000020 

42 

.07509 

.07641 

.07773 

.07905 

.03038 

.03170 

.00026 

.000020 

43 

.07493 

.07625 

.07757 

.07889 

.08021 

.08153 

.00026 

.000020 

44 

.07477 

07609 

.07740 

.07872 

.08004 

.08135 

.00026 

.000020 

45 

.07461 

.07592 

.07724 

.07855 

.07986 

.08118 

.00026 

.000020 

46 

07445 

.07576 

.07707 

.07838 

.07970 

.08101 

.00026 

.000021 

47 

.07429 

.07560 

.07691 

.07822 

.07953 

.08084 

.00026 

.000021 

48 

.07413 

.07544 

.07674 

.07805 

.07936 

.08066 

.00026 

.000021 

49 

.07397 

.07528 

.07668 

.07788 

.07919 

.08049 

.00026 

.000022 

SO 

.07381 

.07512 

.07642 

.07772 

.07902 

.08032 

.00026 

.000022 

51 

.07366 

.07496 

.07625 

.07765 

.07886 

.08015 

.00026 

.000022 

52 

.07360 

.07479 

.07609 

.07739 

.07868 

.07998 

.00026 

.000023 

S3 

.07334 

.07464 

.07593 

.07722 

.07852 

.07981 

.00026 

.000023 

54 

.07318 

.07447 

,07676 

.07706 

.07835 

.07964 

.00026 

.000023 

55 

,07302 

.07431 

.07660 

.07689 

.07818 

.07947 

.00026 

.000024 

56 

.07287 

.07416 

.07544 

.07673 

.07801 

.07930 

.00026 

.000024 

57 

.07271 

.07399 

.07628 

.07666 

.07784 

.07913 

.00026 

.000025 

58 

,07266 

.07383 

.07612 

.07640 

.07768 

.07896 

.00026 

.000025 

.07496 

.07623 

.07751 

.07879 

.00026 

.000025 

.07352 

.07479 

.07607 

.000026 

61 

.07208 

.07336 

.07463 

.07690 

HRrSntfl 

.000026 

62 

,07193 

.07447 

.07674 

HtTwiljH 

.000027 

63 

.07177 

.07430 

.07667 

HfrrT^LV 

.000027 

64 

.07161 

.07288 

.07414 

.07641 

.07668 

.07794 

HBl 

.000028 

Note;  Approx,  average 
Ibm/ftV 


decrease  in  density  per  0.1°F  rise  in  dry-bulb  temperature  equals  .000017 


1 
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Table  1  Psychrometric  Density  Table 


Dry- Bulb 


Density  of  Saturated  Air  for  V'arious  Barometric 
and  HyKi'ornetric  Conditions — Ibm  ft' 


Approx. 

Avciata* 

Incica.sf 


1  Temp. 

Barometric  Pre.ssure 

Inc (ease 

in  Density 
Per  F 
Wet -Bulb 

!  ^ 

in.  Hg 

in  Density 
Per  0.1  in. 
MgUise  in 
Barometer 

i 

28.5 

29.0 

29.5 

30.0 

30.5 

31.0 

Depression 

05 

.07145 

.07272 

,07.398 

.07525 

.07651 

.07777 

.00026 

.000028 

Kfi 

.071.40 

.07256 

.07:182 

.07.508 

,076:14 

.07700 

.((0((26 

.0((0029 

07 

.07111 

.07240 

.07366 

.07492 

.07618 

.07714 

.00026 

.(l((002!i 

OH 

.07098 

.07224 

.07350 

07475 

.07601 

07727 

.00026 

.0000:10 

09 

.07083 

.07208 

.073.34 

.07459 

.07584 

,07710 

.((0026 

((((((0:10 

1  TO 

.07067 

.07192 

.07317 

07442 

07568 

.0769.3 

.00026 

00((o:ii 

71 

.07051 

.07170 

.07401 

07120 

07.551 

.07676 

,00025 

.((((((o:il 

72 

.07045 

.07100 

.072“5 

0711(( 

.075:14 

((7659 

,((((025 

.oo((o:i2 

7.1 

.07020 

.07144 

.07268 

.07494 

07517 

.07r42 

.00025 

0000:1:1 

.07004 

07128 

.07252 

.07477 

.07501 

.((7025 

((((025 

,(((io((:i:i 

75 

,00988 

.07112 

.07236 

.07460 

07481 

.((760  8 

.((((025 

(MKKCi  1 

70 

.00972 

.07096 

(17220 

.0744.1 

.07167 

.07591 

.0((025 

.01100:!  1 

77 

,0i.956 

,07080 

.07204 

.07427 

.07151 

.((7571 

.((((025 

,0000.3.5 

7S 

.00940 

.07004 

,07187 

.07410 

07444 

.075.57 

.((((025 

.OOO'ClO 

79 

.06925 

.07048 
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.07294 

.((71I7 

.((7.510 

,((((((25 

.((((((o.'k; 

’  80 

.06909 

.07042 
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.07277 

.07  100 

.((752:1 

.((((025 

.((((( (((:17 

81 

.06894 

.07015 

.07148 

07201 

.07:18:1 

07.500 

.((0025 

,0000.38 

82 

.00877 

.07000 

.07122 

07241 

.07406 

.07189 

.((((((24 

,o((oo:i9 

8;{ 

,00801 

.06984 

.07105 

.07227 

,07:149 

07172 

.((((('24 

.OOO'ClO 

;  8.1 

.06845 

.06907 

.07089 

.07211 

.o7:i:i:i 

((7154 

.((((024 

.oo((0.1o 

85 

.06829 

.069.50 

.07072 

.07194 

.07:110 

.((7147 

.((((((24 

.0000.1 1 

!  86 

.06812 

,06934 

.07056 

.07177 

.07299 

,((7  12(( 

.0((((24 

.((00012 

87 

.06790 

,06917 

.070:l!t 

071(0 

.07281 

.((7  10:1 

,(('(((24 

.(((CIO  1:1 

88 

.00,780 

.06901 

07O22 

.0714:: 

.072C1 

.((7:185 

.((((((24 

.((((004:1 

89 

.00764 

.06885 

07005 

.07126 

.07217 

.()7:!08 

.((((024 

.(((lOOll 

i  90 

.00748 

.06868 

.06989 

.07109 

.07230 

.07:151 

,((((((24 

.(10(1015 

'  91 

.00741 

.06852 

00972 

07092 

.072):; 

.07:144 

.((((((24 

,(1000  10 

92 

.06715 

.008:15 

009.55 

07075 

,07195 

,07416 

.((((021 

.0000  17 

9.4 

.06698 

.06818 

009.38 

.(•70.58 

07178 

.07298 

((0024 

.000048 

,  94 

.00682 

.06801 

.00921 

0704 1 

.07101 

.07280 

.((((024 

1100019 

95 

.00665 

.06785 

06904 

07021 

.071  1.3 

.0726:1 

.((((024 

(10(10,50 

96 

.(*0648 

.06768 

.00887 

07000 

07120 

.((7'215 

.((((((24 

.(1000.51 

97 

,06632 

.06751 

.00870 

.06989 

.07108 

.07227 

.((((((24 

.(100052 

98 

.06615 

.067:14 

.00854 

.06tl72 

.07091 

.07209 

.00024 

(1000,5.3 

99 

.06598 

.06717 

.06845 

.06954 

,0707:1 

.07191 

.((((024 

.(((100.54 

100 

.06581 

.06700 

.06818 

.06937 

.07055 

.07174 

.((0024 

.00(1055 

Note:  Approx,  average  decrease  in  density  per  0.1"^’  rise  in  dry-bulb  temperature  equals  .000017 
Ibm  ft'. 
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Table  2  Expansion  Factors  (F)  for  Nozzles 


Static  Pressure 

Diameter  Ratio  (/3) 

Ratio  (a) 

0 

0.20 

0.25 

0.30 

0.40 

0.50 

1.00 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

1.00000 

0.98 

0.98923 

0.98921 

0.98917 

0.98911 

0.98886 

0.98829 

0.96 

0.97834 

0.97829 

0.97823 

0.97811 

0.97761 

0.97650 

0.94 

0.96732 

0.96726 

0.96716 

0.96699 

0.96625 

0.96461 

0.92 

0.96619 

0.95610 

0.95598 

0.95575 

0.95478 

0.95263 

0.90 

0.94492 

0.94481 

0.94466 

0.94438 

0.94319 

0.94055 

Table  3  Discharge  Coefficients  for  Nozzles 


Nozzle  Discharge 

j  Reynolds  Number  (Re) 

Coefficient  (C) 

L  D  =  0.5 

L  D  0.6 

0.950 

12961 

14720 

0.951 

13657 

15491 

0.952 

14401 

16314 

0.953 

15196 

17195 

0.954 

16047 

18137 

0.955 

16961 

19148 

0.956 

17942 

20234 

0.957 

18998 

21402 

0.958 

20136 

22661 

0.959 

21365 

24021 

0.960 

22695 

25492 

0.961 

24137 

27086 

0.962 

25703 

28817 

0.963 

27407 

30701 

0.964 

29268 

32758 

0.965 

31303 

35006 

0.966 

33535 

37472 

0.967 

35989 

40184 

0.968 

38697 

43174 

0.969 

41693 

46482 

0.970 

45018 

50153 

0.971 

48723 

54242 

0.972 

52866 

58815 

Nozzle  Discharge 

Reynolds  Number  (Re) 

Coefficient  (C) 

L  D  ,=  0.5 

L  D  0.6 

0.973 

57519 

63948 

0.974 

62766 

69736 

0.975 

68713 

76295 

0.976 

75488 

83765 

0.977 

83249 

92320 

0.978 

92195 

i  102180 

0.979 

102576 

113620 

0.980 

114715 

126992 

0.981 

129024 

142753 

0.982 

146048 

161500 

0.983 

166513 

184032 

0.984 

191401 

211428 

0.985 

222073 

245182 

0.986 

260450 

287409 

0.987 

309324 

341172 

0.988 

372866 

411057 

0.989 

457638 

504164 

0.990 

573788 

631966 

0.991 

739389 

813986 

0.992 

986593 

1085643 

0.993 

1378954 

1516727 

0.994 

2056291 

2260760 

0.995 

.3377887 

3712194 

Table  4  Equivalent  Lengths  of  Straighteners 


V 

D 

1 

1 

0 

16.0 

0.001 

15.8 

0.002 

16.6 

0.003 

17.6 

0.004 

18.4 

0.005 

19.4 

20 


AMCA  STANDARD  210-74  ASHRAE  STANDARD  51-75 


Tables  [ln{l  +  x)]  /  x  or  [In  (1  +  z)]  /  z 


O  OS  Oi  00  t- 

X  <0  lO  ^  ^ 

^  CA  CA  Cl  —• 

—•  o  © 

©  X  X  X 

sfl  f  -T  “-f  ^ 

•rr  ^  ^  ^  ^ 

^  ^  ^  ^ 

Tf  ^  «r 

o  c  c  oo 

ooooo 

©  O  ©  ©  c 

©  ©  ©  ©  o 

©  ©  ©  ©  © 

p  p  c  oo 

c  o  o  o© 

©  ©  o  ©  © 

©  ©  ©  ©  © 

©  ©  ©  ©  © 

Q 

c  o  o  o  o 

o  o  o  o  © 

©  ©  ©  o  © 

©  © 

©  ©© 

©  ©  ©  ©  © 

c  o  c  o  o 

o  o  o  ©  o 

©  ©  ©  o  © 

©  © 

©  ©© 

©  ©  ©  ©  © 

CO  W  CV  t"- 

—  »-  ©  X 

X  ^  X  tP  X 

X  X 

X  ^  © 

©  X  T  T 

»0  O.  04 

©  C  ©  »o 

r-*  X  X  CA 

©  ©  ©  ©  © 

^  CM  T  X  © 

O 

».0  C  lO  o 

^t-cvjt-cc 

©  ^  ©  X  CM 

X  X 

©  X  CM 

X  T  ©  X  CM 

o 

Cs  o:  00  00  I'- 

I-.  cox  li?  tA 

*1*  -r  ^  X  CA 

Cl  Cl 

©  ©  ©  ©  © 

O-  O:  05  Oi  OS 

©  ©  ©  Os  © 

©  ©  ©  ©  © 

©©©>©© 

©  ©  ©  X  X 

6  o  o  o  o 

©  ©  ©  c  © 

©  c  d  ©  © 

©  © 

CO© 

©  ©  c  ©  © 

O'!  1  •  ^ 

1-  !'•  OJ  Ol  X 

©  i-  ©  X  X 

•A  X 

XT© 

©  X  Cl  »A  Cl 

oc 

O  Ol  »T  I'- 

C  •*5*  o.  ^  © 

X  CM  ©  »  A 

T  X 

XXX 

T  X  X  O  X 

o 

OD  ^  ^  —  <C 

OJ  1-  Cl  X  CO 

©  X  ©  X  Cl 

X  -r 

©  X  CM 

X  T  ©  1'*  X 

o 

CS  OS  TO  OC  1- 

l>  X  X  »A  X 

^  -t  ^  CA  CA 

CI  Cl 

©  ©  ©  ©  © 

OS  OS  OS  o.  c- 

o  ©  OS  ©  © 

©  ©  ©  ©  Os 

©  © 

©  ©  © 

©  ©  ©  X  X 

O  o  W  c  o 

c  c  c  ©  c 

©  r  d  ©  © 

— 

d  ©  r 

©  d  ©  d  © 

1 

-T  Cl  1-  t'-  Cl 

X  ©  — •  X  © 

X  1- 

CA  X  X 

X  CM  ©  CJ  © 

‘0  a.  1  -  OS  <M 

•A  O-  CC  X  'T 

©  i-  ^  —  OS 

X  I- 

1-  1- 1- 

X  ©  Cl  T  X 

o 

<S0  ^  .  1- 

-M  1-  CA  X  T 

©  X  ^  1'-  Cl 

X  -T 

©  X  Cl 

X  ‘A  —  1-  X 

OS  cs  X  oci- 

X  X  lA  ‘A 

»A  T  •T  X  CA 

Cl  Cl 

Cl  —  f-i 

©  ©  ©  ©  © 

OS  OS  OS  OS  OS 

©  ©  ©  ©  © 

©  ©  o  ©  o. 

Os  o> 

o.  ©  © 

©  ©  ©  X  X 

o  o  o  o 

c  =oc  - 

©  d  ©  d  ©■ 

d  d 

©  d© 

d  d  ©  ©  © 

: 

-*  X  -M  c-l  X 

O  X  Cl  Cl  t- 

1-  CA  —  ©  — 

I--  X 

C"  X  X 

1-  ©  X  O  X 

CA  X  CC  X 

T  —  Clf  X  'T 

Cl  — 

Cl  T  *A  X  © 

1-  M  1-  ri 

CC  X  CA  ©  T 

©  X  —  1-  X 

^  1-“  X 

©  X  —  I'-  T 

r*. 

O.  OS  X  X  1  - 

1  >  X  X  *A  »A 

X  •T  X  X 

Cl  A1 

©  ©  ©  ©  © 

o.  OS  o.  o.  o. 

©  ©  o.  o.  © 

©  ©  ©  ©  © 

©  o- 

o.  ©  © 

©  ©  ©  X  X 

r  c  c  0  o 

c  c  c  c  c 

©  ©  ©  ©  © 

o  ©  © 

d  d  ©  d  © 

, 

—  I'-  O  C  •'C 

1-  X  X  — 

—  X  X  Cl  X 

X  X, 

•“  r- 

X  ©  ©  1  -  X 

ift  »I^  1-.  O.  — 

-r  xcn-cc 

©  lA  Cl  ©  X 

X  lA 

lA  *A  lA 

X  I-*  O.  —  T 

•  c 

I'*  C'l  t-  C  1  X 

CA  X  T  ©  *A 

©  X  Cl  X  X 

O.  tc 

T  ?A 

©  X  —  X  T 

c 

O.  OS  X  X  1  - 

I-  X  X  »A  »A 

lA  "T  -T  X  X 

A1  Cl 

Cl  —  — 

—  AC  •“  .A.  A. 

o.  OS  o.  o.  o. 

o.  o.  o«  ©  © 

©  o.  o.  o.  © 

o.  o. 

o.  o.  © 

©  ©  o.  X  X 

C  0  c  c  c 

©dr  ©  © 

-  ~ 

rod 

— 

—  %D  OS  X  -M 

CA  C  CC  —  »A 

•  A  o.  O.  -T  ^ 

o.  o. 

CA  X 

lA  1  '  T  sA  ©  1 

•T 

r. ::  i-  ci 

X  ©  X  ^  Cl 

o.  o.  © 

©  —  X  *A  X  1 

O 

X  rt  X  rr  X- 

CC  Os  ^  C  lA 

—  X  Cl  X  ^ 

r  »A 

—  1  -  X 

r  ©  A  1  X,  T  : 

OS  o.  X  /.I  - 

i  -  X  *X  X  i.A 

*A  ^  ^  X  X 

Ct  Cl 

—  c  c.  ! 

o.  o.  o.  ©  © 

©  ©  ©  ©  © 

r.  © 

o.  o.  © 

O  ©  O.  X  X  1 

O-r— C-Sr-0 

o  o  =  ©  c 

©  ©  c  ©  c 

©  r 

c~o© 

r  r  ©  ©  © 

O  1  -  lO  o 

o  X  X  X  c 

X  X  Cl  X  X 

—  X  Cl  X  X  1 

iC  »<!>  O  X  — 

1-  «—  X  Cl 

1  •  —  X  X 

*A 

X  X  CA 

T  »A  1  -  ©  —  1 

O 

X  CO  X  CC  OS 

o.  »A  ©  X 

—  1--  CC  X  -r 

r  X 

Cl  X  T 

r  X  c  1  X  »A 

■  o 

OS  OS  X  X  1  ' 

1  •  X  X  X  «A 

»A  'A*  tA  AA 

X  Cl 

1 

—  ©  ©  ©  ©  , 

o 

OS  OS  Os  OS  OS 

o.  o.  o.  o.  © 

o.  o.  o.  ©  o. 

O-  o* 

O.  Os  O. 

o  OS  O.  X_  X 

C  -  o  o  o 

—  w  —  «  — 

■"  ~ 

“  i 

i 

C  «c  'X-  Ct  1  - 

1  -  Cl  ^  —  -T 

Cl  ©  »A  ©  X 

Al  -- 

T  Cl  4A 

X  T  ©  —  lA  ' 

'  €^1 

0  c  —  C?  to 

r  c»  X  —  X 

Cl  X  »o  Cl  r 

©  X 

1-  1- 1 ' 

X  ©  —  X  »A  ; 

1  c 

o.  T  O-  ^  OS 

^  C  IC  —  X 

C I  1  -  CA  O-  *  A 

©  X 

Cl  X  — 

©  X  X  r.  »A 

o 

OS  o.  X  •/.  1- 

1  -  *  -  X  X  lA 

»A  CA  CA 

X  Cl 

Cl  —  — 

—  ©CO© 

i  o 

I 

OS  o.  O.  O.  OS 

©.  o.  o-  o.  o. 

©  ©  o.  o.  © 

OS  O. 

r  r  d 

©  o.  O.  X  X 

d  d  d  d  d 

1 

c  ^ 

-T  O.  O  X  X 

X  o.  X  I-*  “ 

X  Cl 

»A  Cl  lA 

Cl  X  ©  X  Cl 

lO  *x  X  o 

■CA  X  —  ‘A  r 

X  Cl  O,  >A 

X  Cl 

^  1-^ 

A  1  CA  T  ©  O. 

c 

o.  -r  o.  -r  r 

•A  O  X  —  1  - 

Cl  X  X  ©  IC 

1  — 

—  1  -  X  OS  '  A 

1  “ 

OS  OS  X  X  X 

1-  1-  X  X  lA 

•  A  -r  -T  X  CA 

X  Cl 

Cl  —  — 

—  ©  ©  o.  o. 

'  O 

o.  o.  O*  OS  OS 

©  O/  o.  o-  o. 

©  ©  ©  ©  o.. 

©  o- 

o.  OS  © 

o.  ©  ©  X  X 

=  c  =  c  c 

_  — 

©doer 

c  © 

©  ©  © 

r  d  ©  ©  r 

c  ec-  o.  T I 

“  lA  lA  —  A": 

r  X  —  -r  Cl 

lA  Cl  T 

—  CM  X  r 

,  e 

C  C  ^  -M  *C 

X.  lA  C  »A 

—  1-  -^  —  © 

t-  CO  lA  lA  lA 

©  1-  X  ©  X 

o 

C  lO  c  »o  o 

lA  —  X  Cl  1  - 

X  X  -^  ©  «A 

—  I"* 

X  ©  4A 

—  1-  X  ©  X 

o 

w  O.  OS  X  X 

1-.  X  X  »A 

lA  T  -r  ^  X 

X  Cl  Cl  — 

—  ©  ©  ©  © 

O  o.  OS  O.  OS 

©  ©  ©  ©  o- 

©  ©  ©  ©  © 

©  ©  ©  ©  © 

o.  ©  ©  ©  X 

—  coco 

o  ©  c  o  c 

©  o.  r  c  © 

-  ~ 

©  ©  ©• 

d  d  d  d  d 

I  '  / 

c  M  e«?  <-• 

lA  X  I"  X  © 

©  •-  X  X  ^ 

lA  sc  I'-  X  © 

©  T  M  X  T 

e  c  c  o  c 

c  e  o  ©  © 

^  ^  ^ 

CM  M  M  CM  CM 

1 

1 

e  c  c  c  o 

X  c  c  o  © 

©  o  ©  o  o 

©  o  o  e  e 

©  o  e  o  e 

AMCA  STANDARD  210-74  ASHRAE  STANDARD  Sl-T.l 


21 


r 


iAeccoci«-H 
A  0>  A  9)  S  2  ^  ^  9 

Soooo  oooSo 

p  o  p  p  o  p  p  p  o  p 
0  0*000  00*000 


O  0>  O  W  t:^ 

§00  CO  00  00 
poop 
oooop 
o  o  o  o  o 
o  o  o  o‘  o 


QOXXQOQO  XXXX 

oopoo  pppo 
oopoo  oooo 
ooooo  oooo 
©oooo  o*o'o'd 


xe>)xxo  OTfcok/so 
O  X  X  X  X  O  04  ^  Tf^X^X 
XXXXt-  XCQ«-40X 

O^CMX^  i/5dt»xp  o^xxx 

P  O  ©  p  O  p  p  O  O  O  f-H  f-l  l-H  *-H 

do* odd  ddddd  ddddd 


0X00 
i^oxx 
t-o^x*-*  oxx^ 
^xxt^x  xoo^ 

^  f-t  ^  ^  rH  «»«  04  C4 

ddddd  dddd 


I  xo*-i^o  ooxt^M  i'***^©© 

1  oxxxx  xr^-^x^  kCiA*^xo  oxxxo  Ci<Mxu^ 

OiAkA^X  Cvj-^oox  OiAXXO  Xl-4ftX 


0»-iXX^  xx^.00  0  ©-«xxx 
op  pop  ppooo  ^  ^  ^ 
ddddd  ddddd  cdddd  dddd 


Irtxxo  Xl-iftX 
kA  X  L'«*  X  X  O  O 

-r^XX 


OOOXiA  iA^TX-M  -<OOXt-  kA^X'-^O  XO^X 

.  0«-nXX*^  kAOi-XC-  0»^«-»XX  ’^lAOl-l-  XOO*-! 

ppOpp  pOCOO  ^  ^  ^  ^  «^XX 

:  ddddd  dd-'dd  oo’dd©  ddddd  dddd 


X  t*  t*  o 


odd  d  d  d  d  d  d  d  d  d 


,  o  o  o  o  X 

O  X  o  o 
,  ^  ^  ^ 

O  —  X  X  ^ 

ooooo 
d  c  d  d  d 


1 1-  X  X  kA 
^  o.  X  kA 
CAXX—  C 
»A  X  r-  X  o 

ooooo 
d  d  d  d  d 


kA  »A  X  X  O 
X  X  t-  X  ^ 
CV  X  I"-  X  kA 
O  C  X  X 
O  ^  ^ 

d  c  d  d  d 


OC'Jt^*TkA  X  ^  *3*  I-* 
^l-Xt-'-  -r^-OO 
^C'li-^OX  X*TX»-* 
'TXXXl-  XOO^ 

ddddd  c  d  d  d 


O  O  X  X  X 
o  o  ^o 
X  X  X  X  X 
o  ^  X  X  ^ 
ooooo 
d  dddd 


O  '•f  O  X 

xoxxx 
XC4— oo 

X  X  X  X 
ooooo 
ddddd 


t  X  o  X  X 
O  O  X  l’-  lA 
X  I--  X  X  •t 
O  C  «  X  X 


XXXO—  kCXXX 
X  X  T  o  X  X  O  ^  M 
X— OXi-  iitx^ro 
TiAXXl-  XOO  — 

—  —  —«  .-I  r-  ^  ^  ff.! 

d  r’ d  d  d  dodo 


OX^t^O  -^OXXX  XXCt*«X  l'*OXXt^  XO*-'X 

OOt-^^  X— '•'TI'^O  OOCXX  XCiAO't  x»-x^ 

XXXXX  «— ^OOX  Xt'-X^x  x-^oxx  ■»rx^o 

§— <XX^  iOX|-|^X  0  0-<XX  tJ'iAjAXI'*  xooo 

pooo  OOCOC  c  —  —  -.-^C'iX 

ddddd  ddddd  ddddd  ddddd  dddd 


oxxo-'i'  oxx^—  XX  —  ox  c*rF-<  —  X  oi—otj* 

COl'-kA—  X  —  XXO  —  Ot-  O  —  l-XX  OX^X 

OOOXX  l-XiOXX  — ‘CXt-iA  xxox 
C— XX^  lAXXl—X  OO  — XX  ^»AiAXl'  XOOO 

oopoo  ooooo  O— —  — ^P-,CSJC4 
ddddd  ddddd  d  d  o'  d  d  d  d  c’ d  d  o'  d  d  d 


C  X  X  X 
OOl^kA  — 

—  oooo 
O  —  XX  ^ 

ooooo 
d  o'  d  o*  d 


^  —  O  O  <r»  C'lX'MO'—  'TXXXO  irt»At^X 
t-XkAXO  XC'IC'!  — O  X'MXXt-  — 'TXX 

ooxi-i-  XkA^i'X'—  o  o  I- X  n*  X  —  o  r- 

^XXC-X  OO  —  XX  -T'^kAXl-  XOOO 
OOOOO  o  ^  ^  .-j  ^  ^  ^  ^  ^  C4 

o  o’  d  d  d  d  d  odd  odd  d  d  d  d  d  d 


O  X  O  XX 
O  O  X  X  X 

o  o  o  p  o 

O  O  ^  X  X 

ooooo 


OWXXX  ^XXC^IX  XXOf— X  XC'IX  — 

t»XXO^  XXXXO  l>  rr  o  lA  o  xxxo 

XXt-XX  kOTfCOC'l'-^  OXl^iAX  XOXC^ 

•VXXl'-X  OO  —  XX  X^iOXt'-  XOOO 

©oooo  o,-mp-*  —  —  p-t,— (t-jCvj 

©dddd  ddddd  ©dddd  dddd 


8^xx^  xxr-xo  o^xx'«3'  xxt-*xo  o^xx 

poop  pOppO  XXXX 

ddddd  ddddd  ddddd  ddddd  dddd 


22 


AMI  A  STANDARD  210-74  ASHRAE  STANDARD  51-75 


0.24  0  21511  0.21592  0.21672  ;  0.21753  021833  0.21914  0  21994  ,  0.22074  i  0.22154  ;  0.22234  0.00081 


FAIRING  RADIUS  FAIRINC;  RADIUS 

ABOUT  0.05  D  ABOUT  0.05  D 

IF  NEC?:SSARY.  IF  NECESSARY. 

NOZZLE  WITH  THROAT  TAPS  NOZZLE  WITHOUT  THROAT  TAPS 


NOTES 

1.  Noz/le  throat  dimension  L  .shallbe  either  0.61)  •  0.005D  (recommended)  or  0.5U  ‘  0.005D. 

2.  No/.'/.le  shall  have  elliptical  section  as  shown.  Two  and  three  radii  approximations  to  the 
elliptical  form  that  do  not  differ  at  any  point  in  the  normal  direction  more  than  1,5'.  D  from 
the  elliptical  form  may  be  used.  The  outlet  edge  of  the  nozzle  shall  be  square,  sharp,  and  free 
from  burrs,  nicks  or  roundings. 

,'5.  The  nozzle  throat  shall  be  measured  (to  an  accuraiy  of  0.001  D)  at  the  minor  axis  of  the 
ellip.se  and  the  nozzle  exit.  At  each  place,  four  diameters — approximately  45  apart  must  be 
within  •  0.002  D  of  the  mean.  At  the  entrance  to  the  throat  the  mean  may  be  0.002  D  greater, 
but  no  less  than  the  mean  at  the  nozzle  exit. 

4.  The  nozzle  surface  shall  fair  smoothly  so  that  a  straight-edge  may  be  rocked  over  the  surface 
without  clicking  and  the  surface  waves  shall  not  be  greater  than  0.001  D  peak  to  peak. 

5.  When  nozzles  are  used  in  a  chamber,  either  of  the  types  shown  above  may  be  u.sed.  Where 
a  nozzle  di.scharges  directly  to  a  duct,  nozzles  with  throat  taps  shall  be  used,  and  the  nozzle  out¬ 
let  should  be  flanged. 

6.  Throat  tap  nozzles  shall  have  four  static  pressure  taps  Ob'"  apart  connected  to  a  piezometer 
ring. 


Figure  4  Nozzles 


AMCA  STANDARD  210-71  ASHRAK  STANDARD  51-75 
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PL.l  PL.2 


PL.7 


PL.5  PL.6 


MEANS 


FLOW  AND  PRESSURE  FORMULAE 


Q,  =.  1096  YVKpTp,  l(CAe) 


P,  =  P,. 

Pii  —  0 

P,.  =  P.7  +  P> 
Pi  ~  P 12  ~  Pn 
P.^Pi-  P, 


NOTES 

1.  Dotted  lines  on  fan  inlet  indicate  an  inlet  bell  which  may  be  used  to  simulate  an  inlet  duct. 
The  inlet  bell  friction  shall  not  be  considered. 

2.  Dotted  lines  on  fan  outlet  indicate  a  uniform  duct  2  to  .‘5  eiiiiivalent  diameters  lonK  and  of  an 
area  within  *.  0.5'.  of  the  fan  outlet  area  and  a  sha|ic  to  fit  the  fan  outlet.  This  may  be  used 
to  simulate  an  outlet  duct.  The  outlet  duct  friction  shall  not  be  considered. 

.‘5.  The  fan  may  be  tested  without  outlet  duct  in  w'hich  ca.se  it  shall  be  mounted  on  the  end  of 
the  chamber. 

4,  Variable  exhaust  system  may  lie  an  auxiliary  fan  or  a  throttlinp  device. 

.5,  The  distance  from  the  exit  face  of  the  larjrest  nozzle  to  the  downstream  settling  means  shall 
be  a  minimum  of  2.5  throat  diameters  of  the  largest  nozzle. 

0.  Dimension  .1  shall  be  at  least  1.0  times  the  fan  equivalent  discharsre  diameter  for  fans  with 
axis  of  rotation  perpendicular  to  the  discharge  flow  and  at  least  2.0  times  the  fan  equivalent 
discharpe  diameter  for  fans  with  axis  of  rotation  parallel  to  the  discharge  flow. 

7.  Temperature  may  be  considered  equal  to 

Figure  12  Outlet  Chamber  Setup — Multiple  Nozzles  in  Chamber 
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AMCA  STANDARD  210-74  ASHRAE  STANDARD  51-75 
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WET -BULB  DEPRESSION  »F 
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2.  Proceed  vertically  down  to  appro- - 

priate  dry-bulb  temperature. 


3.  Then  read  over  horizontally  to 
correct  barometer  readinK. 


4.  Then  read  vertically  downward  to 
density. 


J_ 


I 


-4- 
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.080 


.079  .078  .077  076  .076  .074  ,073  .072  .071  .070  069  .068  ,067  .066  .066  .064  .063  ,062  ,061  .060 

AIR  DENSITY— Ibm/ ft- 

Fifure  17  Psychrometric  Density  Chart 


AMCA  STANDARD  210-74  ASHRAE  STANDARD  51-75 


FRICTION  FACTOR  NOZZLE  IHSCH.-iki.E  COEFFICIENT 
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1  2  3  4  5  6  7891  2  3  4  5  6  7891  2  3  4  5  6  7891 

10‘  1(F  10"  10' 

REYNOM'S  NI  MBER 

Fiicure  18  ('oefficicnts  of  Dischai’Kr  For  Flow  Nozzles 


REYNOl.ns  M  MBER 

FiRure  19  Friction  Factors  For  Ducts 


AMCA  STANDARD  210-71  ASHKAE  STANDARD  ol-Tr) 


AMCA  STANDAHI)  210-7J  ASHRAE  STANDARD  51-75 
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irSTHELAW 


183.605  DEFINITIONS 

As  used  in  the  subpart  - 

■'ASTM”  means  American  Society  for  Testing  and  Materials. 

183.607  INCORPORATED  BY  REFERENCE 

(aH2)  ASTM  Standard  D-471  dated  April  1975. 

American  Society  for  Testing  and  Materials 

1916  Race  Street 

Philadelphia,  Pennsylvania  19103 


\()/<'  /  .SVe  lH.i  62(t(a)(5lli>rrifcn’iuctiiASrM 

\iiu  2  f  77i(’  Director  oj  the  Fcilcrul  Kcitislcr  a/i/irovcil  the  iiuori>nraiiiin  In-  rctcn  iu  c  on 

Sc/ilcinhcr  26,  1676. 

\'oic  2  / IH2.6u7fo))  This  sianJanI  is  incorporatcil  in  the  retaliation  he  reference.  Copies  may  he  ohiaiiieJ 

from  the  .  iSTM.  It  is  also  available  for  inspection  at 

(f.S.  (oast  (hiuril  Uvailtptarters,  Roont  42211 
21(H)  Second  Street.  .V.IV. 

Washinatoti,  DC  20562,  and 

Office  of  the  Federal  Retrister  l.thrarv.  Room  S40/ 

1 1 00  I.  Street,  .V.  W. 

Washington.  DC  2040S 


\ote  4  The  pertinent  paragraphs  of . ASTM  D  4  71  arc 

5.  Standard  Test  Liquids 

5  1  For  purpose  of  le.si.  it  is  usually  desirable 
to  use  the  liquid  with  which  the  vulcani/atc  will 
come  in  contact  in  service.  For  comparative 
tests  with  liquids  of  unknown  or  doubtiul 
composition,  samples  of  liquid  from  the  same 
drum  or  shipment  shall  be  used  Many  com¬ 
mercial  products,  particularly  those  of  pe¬ 
troleum  origin,  are  subject  to  sufficient  varia¬ 
tion  that  It  is  not  practical  to  use  them  for  test 
liquids  It  IS  then  advisable  to  use  a  standard 
test  liquid,  such  as  described  in  51.1  and  51  2, 
covering  the  range  of  properties  that  may  he 
cncounteted  in  the  particular  service 

5  11  ASTM  Oils — The  test  shall  be  con¬ 
ducted  in  one  ol  the  petroleum-base  ASTM 
oils  (Note  1)  specified  in  Table  I  which  has 
Its  aniline  point  nearest  that  of  the  oil  with 
which  the  vulcanirate  is  expected  to  come  in 
contact  in  service  except  as  indicated  in  5  1.3. 

NoTf  I — The  aniline  point  of  a  petroleum  oil 
appears  to  characterize  the  swelling  action  of  that  oil 
on  synthetic  rubber  In  general,  the  lower  the  aniline 
point,  the  more  severe  the  swelling  action  by  the  oil 
The  oils  specified  in  Tabic  I  covet  a  range  of  aniline 
points  commonly  found  in  lubricating  oils 


5  1.3  .ASTM  Reference  Fuels — When  gaso 
lines  are  to  he  encountered  in  service,  the  icsl 
shall  he  conducted  in  one  of  the  .ASTM  RcTer- 
ence  Fuels  (Note  2)  specified  in  Table  3.  escepi 
as  indicated  in  5.1.3. 

Non  2 — The  ASTM  Reference  fuels  in  Table  3 
have  been  selected  to  provide  the  maximum  and 
minimum  swelling  effects  produced  by  commercial 
gasolines  Reference  Fuel  A  has  a  mild  action  on 
elastomeric  vulcanizates  and  produces  results  of  the 
same  order  as  Kiw. swelling  gasolines  of  the  highly 
paraffinic,  siraiglii-run  type  Reference  fuel  B  has  a 
more  severe  swelling  action  on  elastomeric  vulcani- 
zaies  and  exceeds  ihe  swelling  action  of  commercial 
gasoline.  Reference  fuel  (  has  a  more  severe  swell 
mg  action  which  is  lypical  of  these  experienced  with 
highly  aromatic  premium  grades  of  automotive  gas¬ 
olines. 

TABLE  2  ASTM  Reference  fuels 


Reference  FueJ  A 

/jTXKUnc' 

Reference  Fuel  B 

lso<K\4ne*  “^0 

cent 

vt^lumc 

per- 

Toluene.*  30 
cent 

volume 

per- 

Reference  Fuel  C 

hooettne*  V) 

cent 

volume 

per 

Toluene.*  ^0 
cent 

volume 

per 

•  freocrane  conforming  to  Section  Annex  A  2  H,  Motor 
Fuels  Section,  of  the  t97r  74  4STS4  Manual  lor  Ratmf 
htolor,  Dirstt.  and  Avioltor  h  urti 

•Toluene  conforming  to  ASTM  Specification  D  102. 
for  Industnal  Grade  Toluene  4 


^irSTHELAW 

183.605  DEFINITIONS 

As  used  in  this  subpart  - 
“Fuel”  means  gasoline 


Alcohol  extended  gasoline  (gasohol)  and  other  such  gasoline  based  fuels  are  included  in  the  defined  term  “fuel 
Diesel  Fuel  and  compressed  gaseous  fuels  (LPG,  CNG,  etc.)  are  not  included. 


^irSTHELAW - - - 

183.605  DEFINITIONS 

As  used  in  this  subpart  - 

“Open  to  the  atmosphere”  means  a  compartment  that  has  at  least  15  square  inches  of  open 
area  directly  exposed  to  the  atmosphere  for  each  cubic  foot  of  net  compartment  volume. 


OPEN  AREA  LOCATIONS 

The  location  of  the  opening(s)  is  (are)  not  specified.  Open  areas  may  be  at  the  bottom,  at  the  side  or  at  the 
top  of  a  compartment  as  long  as: 

—  the  open  area  equals  15  square  inches  for  each  cubic  foot  of  net  compartment  volume.  (See  Figure  2). 
and 

-  the  opening  is  directly  exposed  to  the  atmosphere. 

Notes:  1.  A  number  of  openings  may  be  added  together  in  order  to  obtain  the  required  total. 

2.  Openings  into  an  open  cockpit  are  acceptable. 

NET  COMPARTMENT  VOLUME 

Net  compartment  volume  is  the  result  of  subtracting  the  volume  of  installed  items  of  equipment  and  accesso  ¬ 
ries  from  the  total  compartment  volume.  Examples  of  items  that  may  be  subtracted  include: 

Engines 

Tanks  -  Fuel,  Water,  etc. 

Auxiliary  Generators 
Other  Auxiliary  Equipment 
Batteries 

Accessory  equipment  such  as  refrigeration  machinery,  pressure  fresh  water  systems,  etc. 
For  outboard  boats  one  portable  6  gallon  fuel  tank. 

Examples  of  items  that  are  not  subtracted  include: 

Stowed  Fenders 
Stowed  Anchor  and  Line 
Stowed  Chairs 
Picnic  Coolers 

Other  items  that  may  or  may  not  be  in  a  compartment  at  any  given  time. 

To  assist  in  determining  the  amount  of  cubic  feet  to  subtract,  refer  to  Table  I  for  suggested  volumes  of  engines 
and  batteries,  and  Figure  3  for  a  graph  of  tank  capacity  vs  tank  volume  in  cubic  feet. 
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NET  COMPARTMENT  VOLUME  -  CUBIC  FEET 


FIGURE  2 


20 


OPEN  AREA 


20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240 

OPEN  AREA  SQUARE  INCHES 


TABLE  I  TYPICAL  VOLUMES  OF  ENGINES  AND  BATTERY 


ENGINES 

4  cyl 

in  line 

2.b  cii.  tl  each 

6  cyl. 

in  line 

3.5  cu.  ft .  each 

V6 

4 .0  cu.  ft,  each 

Small 

V8 

4  5  cu  It  each 

Large 

V8 

5.5  cu.  It.  each 

BATTERY 

1/2  cu.  ft.  each  battery 

TANK  CAPACITY  -  GALLONS 


FORMULA: 

Tank  volume  (cu.  ft.)  =  0.134  x  Tank  Capacity  (gallons) 
For  outboard  boats  one  6  gallon  portable  tank  =  0.8  cu.  ft. 


SCREENS  AND  LOUVERS 

If  openings  into  a  compartment  are  screened  or  louvered  the  area  of  opening  is  the  net  open  area  of  the  screen 
or  louver. 

CONNECTING  COMPARTMENTS 

The  regulation  is  not  specific  about  compartments  that  adjoin  a  compartment  that  is  to  qualify  as  “open  to  the 
atmosphere”.  The  following  discussion  presents  acceptable  ways  of  handling  this  problem  but  they  are  not 
nece.ssari)y  the  only  ways. 

An  adjoining  compartment  that  has  an  opening  into  a  compartment  that  is  to  be  “open  to  the  atmosphere" 
may  also  be  “open  to  the  atmosphere”  if; 

the  total  of  all  open  areas  directly  exposed  to  the  atmosphere  from  both  compartments  is  at  least  15 
square  inches  for  each  cubic  foot  of  the  combined  net  compartment  volumes. 

See  Figure  4  for  diagrams  depicting  some  examples  of  connecting  compartments. 


44 


FIGURE  4  QUALIFYING  CONNECTING  COMPARTMENTS  AS  "OPEN  TO  THE  ATMOSPHERE" 


OPENING  BETWEEN  COMPARTMENTS 


450  SO,  IN,  TOTAL  OPEN  AREA  NEEDED  TO 
QUALIFY  COMPARTMENTS  AS  "  OPEN  TO 
THE  ATMOSPHERE". 

370  +  40  +  40  '  450 

370  SO.  IN.  •'  OPEN  TO  THE  ATMOSPHERE  " 


OPENING  BETWEEN  COMPARTMENTS 


NOTE  The  principle  depicted  above  may  he  applied  to  I/O  boats  with  ski  racks  along  the  sides  ,  or  to 
boats  with  bottom  compartments  between  stringers. 


300  SO.  IN. 


225  SO.  IN.  foe  COMPARTMENT  NO.  1 
75  SO.  IN.  lor  COMPARTMENT  NO  2 
300  SO.  IN.  TOTAL  OPEN  AREA 


BULKHEAD  OPENING  15  SO.  IN  PER  CU  FT.  OF  VOLUME 
OF  COMPARTMENT  NO.  2 


50  SQ.  IN.  250  SQ.  IN. 


225  SO  IN.  open  AREA  REQUIRED  for 
COMPARTMENT  NO.  1 
75  SO.  IN  OPEN  AREA  REQUIRED  lor 

_  COMPARTMENT  NO.  2 

300  SQ  IN.  TOTAL  OPEN  AREA  REQUIRED 


BULKHEAD  OPENING  -  NET  AREA  REQUIRED  SUCH  THAT  THE 
TOTAL  OPEN  AREA  IS  15  SQ.  IN.  PER  CU. 
FT.  OF  VOLUME  OF  COMPARTMEN  ,  NO.  2 
(In  this  cast*  50  -*■  25  -  751 


removabli:  enclosures 

Weather  cnelosiires  should  not  cover  venlilalion  openinps.  Il  is  reasoned  lhal  Ihese  enclosures  are  no!  air(i(;hl 
and  musi  he  opened  in  order  to  enter  the  boat  Upon  enicrinit,  any  gasoline  vapors  present  should  he  able  tit 
be  detected  by  means  of  their  odor  Snap-in  bulkheads,  such  as  motor  well  curlains  are  not  weather  cnclosuies 
and  may  require  (he  enclosed  comparlineiii  to  be  ventilated.  IT  an  open  compartment  is  covered  by  remov 
able  labiic  type,  weather  enclosures  they  may  be  ignored 
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p  IT'S  THE  LAW - 

183.605  DEFINITIONS 

As  used  in  this  subpart  ~ 

“UL”  means  Underwriters'  Laboratories,  Inc. 

183.607  INCORPORATED  BY  REFERENCE 

(a)(3)  UL  Standard  1128,  dated  August  23, 1977. 

Underwriters'  Laboratories,  Incorporated 
333  Pfingsten  Road 
Northbrook,  Illinois  60062 


\<>n'  I.  See  ! 83.61  Of  hj  for  reference  to  UL 

\'orc  2.  i  183.607(6)1  The  Director  of  the  Federal  Register  approved  the  incorporation  hv  reference  on  March 
24.  19  78. 

.\'otc  3.  ( l83.607/a)l  Diis  standard  is  incorporated  in  the  regulation  hy  reference.  Copies  may  he  obtained 

from  UL. 

It  is  also  available  for  inspection  at 

U.S.  Coast  Guard  Headquarters.  Room  4220 
2100  Second  Street.  S.W. 

Washington.  D.C  20.‘>93  and 


Of  the  of  the  Federal  Register  Library,  Room  8401 
1100  I.  Street  S.W. 

Washington,  D.C.  20408 

.Mote  4.  Die  pertinent  paragraphs  of  UL  1 128  are  as  follows: 

24.  Blower  Performance  Curve 


24.1  A  p'Tformance  curve  shall  be  prepared  for 
all  blowei'S  in  accordance  with  paragraphs 
24.2—24.5.  A  blower  shall  be  mounted  on  the 
blower  airilow  calibration  chamber  described  :n 
Figure  24.1  and  all  mating  surfaces  shall  be  sealed. 
After  a  rur-in  period  of  3  hours  at  rated  voltage, 
the  following  tests  shall  be  conducted. 

24.2  Durng  all  calibration  tests,  the  blower  sh.Jl 
be  operated  at  its  nominal  voltage,  as  measured  at 
the  input  connections  to  the  blower.  The  input 
current,  in  amperes,  and  the  RP.M  of  the  blower 
shall  be  recorded  at  each  calibration  point. 

24.3  Immediately  preceding  the  calibration  test, 
the  barometric  pressure  and  both  wet  and  dry  bulb 
atmospheric  temperature  readings  at  the 
calibration  chamber  shall  be  recorded.  Following 
the  test,  the  air  density  shall  be  determined  by 
means  of  a  psychrometric  density  chart  and  the  air 
flow  readings  shall  be  corrected  to  a  standard 
density  of  0.075  pounds  per  cubic  foot  (0.120 
kg/m*). 


24.4  The  static  pressure  of  the  chamber  shall  be 
varied  by  controlling  the  test  chamber  dischaige 
opening  in  steps  from  0  to  the  maximum  static 
pressure  developed  by  the  blower  (all  discharge 
openings  closed).  An  auxiliary  blower  connected  to 
the  chamber  discharge  shall  be  used  to  obtain  the 
lower  static  pressure  readings.  Chamber  static 
pressure  shall  be  measured  with  an  inclined 
manometer  connected  to  a  piezometer  ring  located 
at  the  input  end  of  the  chamber.  Air  flow  shall  be 
determined  by  the  pressure  differential  measured 
across  the  calibrated  long  radius  flow  nozzles.  The 
pressure  differential  readings  shall  be  made  on  an 
inclined  n  anometer  connected  to  the  piezometer 
rings  locat  ed  on  either  side  of  the  nozzle  plate. 

24.5  The:  following  data  shall  be  plotted: 

A.  Static  pressure  versus  air  flow  in  cubic  feet 
per  mir  ute  (CFM), 

B.  Cunent  in  amperes  versus  air  flow  in  CFM, 
and 


46 


C.  Blower  speed  in  RPM  versus  air  flow  in  CFM. 


FIGURE  24.1 
BLOWER  TEST  TUNNEL 


BE  iia-1 


POWERED  VENTILATION 

Requirements 

Blowers 

Rated  Blower  Capacity 
Blower  System  Output 
Duct  Placement 
Boat  Label 


PACX  BUMC-MOT  FILMED 
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—  irSTHELAW - 

183  610  POWERED  VENTILATION  SYSTEM 

(a)  Each  compartment  in  a  boat  that  has  a  permanently  installed  gasoline  engine  with  a  cranking 
motor  must  - 

( 1 )  Be  open  to  the  atmosphere,  or 

(2)  Be  ventilated  by  an  exhaust  blower  system. 


F.FFIXTIVI-:  DATF:  August  1,  1080. 

(Conipliani.e  on  or  after  .August  1,  1978  is  acceptable.) 

DFi  IN'ITION  OF  IFRMS 

A  "Coiiiparliiieiil "  is  any  space  in  a  boat  that  has  length,  width  and  height.  It  may  he  completely  enclosed, 
partialis'  enclosed  or  have  one  ot'  its  surfaces  completely  open  such  as  a  compartment  under  a  bow  deck  or  a 
compartment  under  a  motor  well,  if  there  is  no  enclosing  bulkhead. 

"Permaiieiitly  installed"  with  regard  to  an  engine,  means  that  it  is  securely  fastened  to  the  boat's  structure  and 
llie  necessary  wiring,  piping  and  controls  are  connected  and  secured  to  the  boat  in  accordance  with  the  appli 
cable  I'.SCC;  regulations  (.I3CFR  Part  183,  Subpart  I  Electrical  Systems  and  .33  CFR  Part  183,  Subpart  J. 
Fuel  Svstemsi  The  use  ot  '  Permanently  installed"  is  to  highlight  its  difference  from  the  use  of  portable 
equipment 

The  teirtiinohigv  "gasoline  engine  with  a  cranking  motor"  is  used  to  indicate  that  the  gasoline  engine  can  be 
started  'iom  a  location  that  is  remote  from  the  compartment  in  which  they  are  permanently  installed.  An 
engine  without  a  cranking  motor  (starter)  would  require  the  presence  of  a  person  at  the  engine  location  in 
ordei  io  start  it  Presumably,  any  dangerous  conditions  such  as  liquid  fuel  or  vapors  being  present  would  be 
detected  and  remedied  before  the  person  would  start  the  engine. 

COMPLIANCF 

Therefore  this  section  of  the  regulation  speaks  to  those  boats  that  have  an  “engine  with  a  cranking  motor", 
"permanently  installed"  in  a  "comparimont".  To  comply  with  the  regulation,  one  of  the  following  two  alter 
natives  must  be  satisfied, 

1 .  The  compartment  must  be  "open  to  the  atmosphere"  as  the  terminology  is  defined  in  I83.fs0S  "Del'ini 
lions"  and  discussed  on  pages  42  to  45  of  this  guideline,  or 

2.  Tliere  must  be  an  "exhaust  blower  system"  installed  to  ventilate  the  compartment  in  which  the  engine  is 
installed.  An  "exhaust  blowei  system"  consists  of  one  or  moie  blowers,  and  usually  ducting  and  terminal 
fittings  attached  lo  the  ducts, 

-  DO  YOU  COMPLY - 

1 .  Is  there  a  gasoline  engine  in  the  compartment?  (  ) 

2.  Is  the  gaisoline  engine  permanently  installed?  (  ) 

3.  Docs  the  gasoline  engine  have  a  cranking  motor  (starter)?  (  ) 

If  you  have  answered  “NO"  to  any  of  the  above,  see  Section  182.620  “Natural  Ventilation". 

If  you  have  answered  “YES"  to  all  of  the  above  then  you  must  answer  “YES"  to  one  of  the  following: 

1.  Is  the  compartment  “open  to  the  atmosphere"  (see  pages  42  •  45  for  requirement)?  (  ) 

2.  Is  there  an  “exhaust  blower  system"?  (see  sections  183.610(b),  (c),  (d),  (e)  and  (0  (  ) 

for  requirements). 


- IT'S  THELAW—i 

183  610  POWERED  VENTILATION  SYSTEM 

(b)  Each  exhaust  blower  or  combination  of  blowers  must  be  rated  at  an  air  flow  capacity  not  less 
than  that  computed  by  the  formulas  given  in  Table  183.610,  Column  2.  Blower  rating  must 
be  determined  according  to  AMCA  Standard  210-74.  Figure  12,  dated  1974.  or  UL  Standard 
1128  dated  August  23,  1977. 

_ Table  183.610 _ 

Column  1  Column  2“  Column  3  ’ 


Below  34  Fr=S0  FO=20 

34  to  100  Fr=l  5V  FO=0  6V 

Over  100  Fr=V/2  +  100  FO=0.2V  +  40 


\t  t  (  I  mipiirnih  iii  viilunir  uf  ciii;iiic  Cdmparimciti  anil  i  nni/Hirmicnis  often  r/ureln  / 1  'I  cnhic  Ice/ 
Kiili  tl  h/i'wer  cfifun  ilx-  (i'rl  aihie  fee i  per  minute. 

Wdwer  system  nnipni  ! I  'O)  euhie  feel  per  niinnie. 


I  IT  Ft  TIVI  DA  I  l  August  I.  1980. 
tCoiupliancc  oii  oi  after  August  1 ,  1978  is  acceptable.) 

(Oll'MN  I  M  I  ( OMPAKIMI  NT  VOI  UMI 

Tlie  voluiiic  ranges  indicalerl  in  Column  I  ot'Table  I83.OI0  arc  net  coinpai liiicnl  volumes  (Vl  ol  the  engine 
eomp.irtincni . 

Net  eoiiiparimeni  voluine  is  the  result  of  subtracting  ibc  volume  of  permanently  insiallerl  items,  such  ,is 
enginc(s),  tuel  tanks,  equipment  and  acces.sories  from  the  total  eomparlment  volume  ol  the  eompaitmeiit 
A  discussion  ol  the  items  that  may  and  may  not  be  includevi,  and  suggestions  for  accounting  loi  engines  and 
liiel  tanks  tippears  as  part  o|  the  discussion  undci  section  183,605  on  pages  42  -  45  of  this  guideline 

Tlie  compartment  volume  may  be  obtained  by  dcieimining  the  average  cross  sectional  area  ot  the  cnmpari 
ment  m  scpiare  feet  and  multiplying  it  by  the  length  of  the  compailmeni  in  feet.  The  ansvvei  to  this  computa 
tion  will  be  the  compartment  volume  in  cubic  feel.  Toi  an  triegular  compartment  the  volumes  ol  portions  of 
the  eomparlment  may  be  computed  separately  and  combmcvl  to  gel  the  total  compaitment  volume.  |o  get 
the  net  compailniciil  volume  subtract  the  installed  items  as  leleired  to  above. 

The  net  volume  of  adjoining  compartments  may  have  to  be  adilcd  to  the  engine  compartment  volume  The 
following  rules  apply: 

ADD  II  the  area  ol  ('penings  between  compartments  is  more  than  2'.'  of  the  area  of  the  separation  sliiieiiiie 
(bulkheads,  stringers,  frames,  etc) 

IX)  NOT  ADD  It  the  area  of  openings  between  compartments  is  equal  to  or  less  than  2  '  of  the  aie.i  ol  ilie 
area  of  the  separation  structure  (bulkheads,  stringers,  frames,  etc  ). 

The  total  net  volume  of  the  engine  compartment  including  coiiiiecting  compaitmenis  whose  volumes  aie  le 
quired  to  be  ADDM)  (Column  I  ol  Table  183.610)  is  used  to  determine  the  retpiired  "laled  blowei  i  .ijiaeiiv " 
(Column  2  ofTable  183.610)and  the  “blower  system  output"  (Column  3  ofTable  183.610) 
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I 

C()[  UMN  2  RAl  i  n  BLOWER  TAPACITY 

Tlie  ;ni  tlnw  cap;icily  laling  (Fr)  of  blowers  is  to  be  determined  by  one  ol  two  procedures. 

I  AAfCA  Standard  210  74,  Figitre  12,  dated  1974,  or 
1  IIL  Standard  II  :h  dated  August  23, 1977. 


ReK'i  to  Delinitions  section  of  this  guideline  for  the  applicable  portions  of  these  two  siandaids  I  he  AMf  A 
Staiidaid  IS  a  geneial  standard  for  testing  many  types  of  air  moving  ci|Uipiiient  Tlie  Ul.  Standard  isspecita 
.ilK  loi  testtng  maitne  blowers. 

Since  the  L'L  test  [iioceihiie  was  derived  tiom  die  AMf  A  Standaid,  the  test  resnh',  stionid  be  the  same  lepaid 
less  . it  whk h  siand.iid  is  ii.sed  to  test  a  blowei 

Id OW  I  R  SI/I  SI  I  I  (  1  ION 


11k'  It'i.d  i.iied  ^ap, Kits  ot  the  leipiiicd  hlowei  oi  bloweis  (hi  I  is  based  on  the  net  s  oiii  pa  1 1  men  I  solinnr  (\' ) 
,is  spcs  It  led  III  l.ihle  IS.vtilO  It  IS  noted  that  one  Ol  inoie  hloss  ers  iii.is  be  used  to  pmside  the  tei|uiied  .  .ip.i 
sits  I  leuie  s  Is  .1  et.ipli  ot  "lated  hlowei  c.ipasits  "  seiMis''net  conip.iiimeiii  sohiiiie  " 

/  wimnlt  I  llii  III  i  ,  •>ni/’,irtmciii  y,>lionc  ol  till  <‘iii:inc  <  <’iiit>artifi'‘Hl  III  c/  hoai  2'U  iil'it  Ici  l 
Tilt  rail  , I  hlowi  r  I  aiitii  III'  is  So  t  uhu  ici  i  /h  i  iiiiiiiii, . 

'si  riiuillv  on,  blower  will  siilis/e  tins ,  oni/iariineiii 
I  sanifih  '  lib  lit  1  I  oiti/iai  iiiieiil  I'olioiie  of  (III  eiii;iiii  1  oiii/iuriiiieiil  IS  loiiiuhit  leei 


Till  rated  hlowt  r  ea/iai  ih  o  ISOetihn  In  i  /h  i  iiniiiiit’ 

Twi  I  hi. .  It  I  rs  t  otdil  he  ii\,  d  h>  sal  isle  this  n  ,/iiirt  iiiein  .  ’in  rah  ,1  ai  Inn  ,  uhu  feet  ih-i  iniiii,  ■, 
iiilti  o/tc  raletl  al  S<l  etthi,  fet  l  /see  miMifli  I  hi,  /.sf)  t  i/hi,  let'i  iwr  iiiiiiiiie  hloseer  would,  ol 
loiirst-,  saiisje  llit  ret/uir,  nu  ill  lllowers  wilii  liielu  r  t  a/'aeilv  raiiiiiis  than  the  iilliiiiiiiini  •I'.i; 
he  iisetl 

/  \'aiii/tlt  i  Tilt  lit  I  t  ■  •iii/tarlineiii  is  ilioii,  of  an  eiii;iiie  eoiii/iarlnieni  is  SOU  ,  uhi,  leel. 
file  rah  d  blower  t  ii/iai  tie  Is  soil ,  uhit  leel  per  niiniiie. 

.Ai/aitt  on,  ,  two  .ir  more  blowers  mav  he  tis,  '  to  satislv  this  reiiiiirenieni  I  sine  ie,idd  i 
able  iiuiriiie  blowers,  two  .100, uhu  le,l  /<er  iiiiiiiih  ati.l .  ui,  IllOnihi,  leel  p,  >  iniiiii'  i.,  '■ 
tiiiiihl  he  sel,;  i,  ,T  Flowers  wiili  Iniilit  r  ,  apat  lie  ratimis  than  the  niiiiiiiiiini  niae  h,  ps, 


- —  DO  YOU  COMPLY 

.Answer  "YE'S"  to  one  of  the  following: 

Is  the  blower  rated  in  accordance  with  AMf  A  Standard  210  -  74,  Figure  12  dated  1974'.’,  or  ( 

Is  the  blower  rated  in  accordance  with  UL  1 128  Marine  Blower  Standard  dated  August  2.1,  I 

1977'.’  tMay  be  evidenced  by  the  display  of  the  UL  Marine  Label). 

Having  determined  the  net  compartment  volume  (Column  I ) 


I 


I 

) 


is  the  rated  blower  capacity  of  the  blower  or  blowers  selected  at  least  that  reiiuired 

in  Column  2'.’  (  ) 
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P  irs  THE  LAW - 

1 83.6 1 0  POWERED  VENTILATION  SYSTEM 


(c)  Each  exhaust  blower  system  required  by  paragraph  (a)(2)  of  this  section  must  exhaust  air  from 
the  boat  at  a  rate  which  meets  the  requirements  of  Table  1 83.610,  Column  3  when  the  engine 
is  not  operating. 


Table  183.610  1 

Column  1^ 

Cl  lumn  2^ 

Column  3"^ 

Below  34 

Fr  ^0 

FO=20 

34  to  100 

Fi-I.SV 

FO=06V 

Over  100 

Fr  V/2  +  100 

FO=0.2V  +  40 

^  At<7  Compartment  volume  of  engine  eompartm.  nt  and  comparimenrs  open  thereto 

( I  'l  cubic  feet. 

~  Rated  blower  capacity 

iFr/  cubic  feet  per  minute. 

^  Blower  system  output 

(FO)  cubic  feet  per  mmute. 

EFFECTIVE  DATE.  August  1, 

1980. 

(Compliance  on  or  after  August 

1 .  1978  is  acceptable) 

COLUMN  1  and  COLUMN  2  were  discussed  under  183,6IO(b)on  the  previous  pages. 

COLUMN  BLOWER  SYSTEM  OUTPUT 

A  "blower  system"  includes  the  items  and  devices  used  to  convey  ventilation  ait  flow  into  and  out  of  a  boat 
Examples  of  such  items  and  devices,  but  not  to  exclude  others,  arc  as  follows: 

Blower(s) 

Ducting 

Terminal  fittings 
Cowls,  scoops,  funnels 
Screens 
Dorade  boxes 

The  air  flow  required  (FO)  for  the  exhaust  blower  system  is  like  the  rated  blower  capacity  in  that  it  is  based 
on  the  jiei  compartment  volume  (V)  (COLUMN  1)  The  "blower  system  output”  is  stated  in  COLUMN  3  of 
Table  183.610.  These  "blower  system  output"  requirements  establish  the  minimum  efficiency  permitted 
(40%)  for  an  exhaust  blower  system  design.  Each  item  or  device  used  in  a  blower  system  offers  resistance  to 
the  air  flow  available  at  the  blower.  To  be  considered  in  the  design  of  a  blower  system  are  the  following: 

Duct  resistance 

Duct  bend  resistance  (the  tighter  the  bend  the  higher  the  resistance). 

Terminal  fittings  (end  brackets,  Y  fittings,  adapters,  etc.). 

The  distance  that  duct  opening  is  away  from  a  surface  that  could  obstruct  air  flow. 

Cowl,  scoop  or  funnel  resistance. 

Screen  resistance. 

Dorade  box  resistance. 

The  above  list  is  not  intended  to  exclude  any  item  or  device  in  the  blower  system  that  might  offer  resistance  to 
air  flow. 

If  more  than  one  blower  is  used,  the  "blower  system  output"  is  the  total  quantity  of  air  from  all  blowers  in 
cubic  feet  per  mipute  exhausted  from  the  boat.  Figure  6  is  a  graph  of  “blower  system  output”  versus  net 
compartment  volume. 


54 


AMPERES  STATIC  PRESSURE  -  INCHES  OF  WATER 


EXHAUST  BLOWER  SYSTEM  AIR  FLOW  DETERMINATION 


During  the  process  of  rating  a  blower,  curves  of  blower  performance  ate  usually  developeil  and  are  required  it 
tested  in  accordance  with  the  UL  1  128  "Marine  Blower's"  standard.  The  curves  show  air  flow  loi  various 
sialic  pressures  and  also  iccord  the  current  and  RPM  of  the  hlowei  at  these  aiiflows.  See  Figure  7  loi  a  lypical 
set  ol  blower  curves, 

VENTILATION  SYSTEM  DESIGN 

In  laying  out  a  powered  ventilation  system  it  would  he  helpliil  to  have  some  idea  of  what  the  '.vsicin  output 
might  be  hcfoie  the  boat  is  built.  The  "rules  of  thumb”  presented  here  are  based  on  dala  accumulated  lioiii  a 
number  of  isolated  tests  and  are  not  to  be  used  to  rieieiniine  eoinpliaiice  with  the  regulation.  Ihev  ina>  lUiK 
be  Used  to  estimate  the  "blower  system  output  . 

TABLE  II  I  STIMATED  EFFECT  Of  BLOWE  R  SYS  1 1  M  COMPONENTS 

Item  Pereeni  I  oss  of  Blower 

Rak'd  Capacity 

Ducting  2  '  pel  II  iif  length 

Dueling  liends  ‘>0'’  10'  each  bend 

Clamshell  20 

1, olive  I  20'' 

.Scieen  1/4"  mesh  10'; 


SOTi. .  l  ower  resistance  Hems  mae  he  seh  i  nsl  resiiliini;  m  an  iinprovetl  seslem  effit  tetu  e. 

I  sample  A  conteinplaled  blowei  sysieni  hav  a  .s  fool  duel  I  lO'V  I.  one  ‘)0‘'  bend  ( 10''' ).  a  clamshell  (20  ) 
and  a  scieen  ( 1 0'  <  1. 

Tliereloie  the  eslimaled  "blowei  system  ouipul"  is  I'O  le.ss  ib.in  ibe  "blowei  laled  capacilv". 


FIGURES  METEtOD  1  Coireol  Measuiement 
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To  obtain  the  air  flow  of  an  exhaust  blower  system  using  the  blower  performance  curves  then  becomes  an  easy  tasK 

The  following  outlines  two  methods  that  may  be  used  on  an  installed  system: 

METHOD  I  -  Current  Measurement  (See  Figure  8) 

Step  1 .  Connect  an  ammeter  into  the  wiring  going  to  the  blower. 

Step  2.  Energize  the  blower  at  its  nominal  voltage;  e.g.  12.  24.  .^2  volts  etc.  A  rheostat  may  be  needed  to 
control  the  voltage. 

Step  3.  Read  the  current  draw  in  amperes.  The  boat’s  engine  is  not  to  be  operating  when  taking  this  reading. 

Step  4.  Enter  the  performance  curves  at  the  determined  amperage  and  read  the  air  flow  in  cubic  feet  per  min¬ 
ute  (CFM). 

METHOD  2  RPM  Measurement  (See  Figure  9) 

Step  1  Energize  the  blower  at  its  nommal  voltage;  e.g.  12.24,32  volts  etc.  A  rheostat  may  be  needed  to 
control  the  voltage. 

Step  2.  Determine  the  RPM  of  the  blower.  A  stroboscope  is  one  instrument  that  may  he  used  to  read  RPM 
of  rotative  machinery.  The  boat’s  engi  le  is  not  to  he  operating  during  this  reading 

Step  3.  Enter  the  performance  curves  at  the  i  etermined  RPM  and  read  the  air  flow  in  cubic  feet  per  minute 
(CFM). 


FIGURE  9  METHOD  2  -  RPM  Measurement 


STROBOSCOPE 


READ  RPM 
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Both  of  the  ubove  methods  are  accurate  means  for  determining  the  effective  air  flow  of  an  exhaust  blower  system 
Also  there  are  numerous  instruments  that  measure  air  velocity  in  feet  per  minute. 

Ml  TMOD  3  AIR  Vl-.LOCITY  MEASUREMENT 


To  obtain  air  flow  in  cubic  feet  per  minute  requires: 

-  determination  of  the  cross  sectional  area  of  the  duct,  at  the  measuring  point,  in  square  feet. 

determination  of  the  average  air  velocity  across  the  duct  at  the  measuring  point.  The  air  velocity  varies 
from  the  duct  surface  to  the  center  of  the  duct.  (See  figure  10). 

multiplying  the  cross  sectional  area  in  square  feet  by  the  average  air  velocity  in  feet  per  minute  will  provide 
the  air  flow  in  cubic  feet  per  minute.  (CFM). 

This  method  may  not  be  accurate  as  it  depends  on  the  ability  to  determine  an  accurate  average  air  velocliv 
It  may  be  prrssible  to  develop  a  correlation  between  this  method  attd  one  of  the  Methods  I  or  2  in  which  case 
this  method  may  prove  satisfactory.  Also  if  duct  air  flirw  theory  and  the  associated  formulas  are  familiar  they 
could  he  used. 


FIGURE  10  METHODS  Air  Velocrty  Measurement 


AIR  VELOCITY  VARIES  DUE  TO  DUCT  FRICTION 


I - DO  YOU  COMPLY  - 

Having  determined  the  net  compartment  volume  (Column  1 ); 

Is  the  exhaust  blower  system  output  at  least  that  required  in  Column  3  when  the  engine  is  not 
operating.  I  ) 
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IT'S  THE  LAW - 

1 83 .6 1 0  POWERED  VENTILATION  SYSTEM 

(d)  Each  intake  duct  for  an  exhaust  blower  must  be  in  the  lower  one-third  of  the  compartment 
and  above  the  normal  level  of  accumulated  bilge  water. 


EFFECTIVE  DATE:  August  1,  1980 
(Compliance  on  or  after  August  1 , 1 97 8  is  acceptable). 

The  duct  connected  to  the  intake  side  of  the  blower  is  used  to  select  the  point  in  a  compartment  where  the 
compartment  air  will  be  exhausted.  The  purpose  of  exhausting  air  is  to  remove  potentially  explosive  or 
flammable  vapors  that  may  have  accumulated  in  the  compartment  during  normal  operation  of  the  boat.  It  is 
intended  that  the  ventilation  required  by  this  regulation  be  sufficient  to  maintain  safe  operating  conditions 
under  normal  circumstances.  Wbat  this  means  is.  that  ventilation  can  not  be  relied  upon  to  remove  liquid  fuel 
or  all  its  vapors  such  as  might  be  present  if  there  is  a  leak  in  the  fuel  system. 

The  vapors  that  may  occur  during  normal  operation  are  usually  those  associated  with  carburetor  boil-off  after 
the  engine  is  turned  off.  These  vapors  will  usually  flow  to  and  collect  in  the  lowest  part  of  the  compartment. 
The  regulation  requires  that  the  exhaust  blower  duct  opening  be  located  so  that  it  is  “in  the  lower  one-third  of 
the  compartment!’  This  is  to  get  the  intake  opening  into  the  portion  of  the  compartment  where  the  vapors 
are  most  likely  to  collect.  Usual  locations  include: 

under  an  engine 
between  engine  stringers 

-  at  a  sump,  possibly  provided  as  a  bilge  water  collecting  point. 

In  addition,  consideration  must  be  given  to  the  possibility  of  normal  bilge  water  accumulations  covering  the 
intake  opening.  “Normal  accumulations  of  bilge  water”  is  that  which  occurs  from  propeller  shaft  stuffing  box 
seepage,  spray  while  operating  the  boat,  and  rain.  The  water  remaining  in  the  boat  after  a  bilge  pump 
completes  its  normal  pumping  cycle  would  be  considered  normal.  The  opening  of  the  exhaust  blower  intake 
duct  must  be  above  this  “normal  level  of  accumulated  bilge  water”. 

It  is  important  to  evaluate  each  engine  compartment  design  and  to  locate  the  intake  opening  of  the  exhaust 
blower  duct  so  it  will  be  in  the  best  position  to  remove  any  collected  vapors. 

DO  YOU  COMPLY - 

Is  the  intake  opening  of  the  exhaust  blower  duct  - 
Located  in  the  lower  one-third  of  the  compartments? 

Above  the  normal  level  of  accumulated  bilge  water? 


IT'S  THELAW - 

183.610  POWERED  VENTILATION  SYSTEM 

(e)  Mure  than  one  exhaust  blower  may  be  used  in  combination  to  meet  the  requirements  of  this 
section. 


EFFECTIVE  DATE:  August  I.  1980 
(Compliance  on  or  after  August  1 ,  1978  is  acceptable) 

This  section  authorizes  the  use  of  more  than  one  blower  in  a  compartment  in  order  to  provide  the  required 
“rated  blower  capacity”  and  the  required  “blower  system  output”.  The  use  of  one  or  more  blowers  has  been 
discussed  under  the  previous  sections. 
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- IT'S  THE  LAW  — 

183,610  POWERED  VENTILATION  SYSTEM 

(f)  Each  boat  that  is  required  iu  have  an  exhaust  blower  must  have  a  label  that  - 

( 1 )  Is  located  as  close  as  practicable  to  each  ignition  switch ; 

(2)  Is  in  plain  view  of  the  operator;  and 

(3)  Has  at  least  the  following  information: 

WARNING 

GASOLINE  VAPORS  CAN  EXPLODE 
BEFORE  STARTING  ENGINE  OPERATE  BLOWER  FOR  4  MINUTES 
CHECK  ENGINE  COMPARTMENT  BILGE  FOR  GASOLINE  VAPORS 


I  I  I  I  t  TIVE  DATE:  August  1,  I'lgO 

(Compliance  on  or  after  August  1 ,  1978  is  acceptable). 

If  a  blower  is  required  on  a  boat,  there  must  be  a  label  affixed  to  the  boat.  The  label  must  be  located  such  that 

two  requirements  are  satisfied: 

1 .  It  must  be  near  llte  ignition  switch(es);  and 

2  It  must  be  able  to  be  seen  by  an  operator  who  is  in  a  normal  position  to  operate  the  ignition  swilch(es). 

Examples  of  Eahel  Locations 

1.  If  the  ignition  switch(es|  is  (are)  on  the  side  of  a  console  (hen  the  labelfs)  should  probably  be  on  the  top 
visible  surface  of  the  console  above  the  switch(es). 

2.  It  two  Ignition  switches  arc  located  next  to  each  other,  then  one  label  could  serve  both  switches. 

3.  If  two  or  more  ignition  switches  are  provided  for  one  engine  such  as  might  be  the  case  with  a  boat  with 

two  steering  stations  then  a  label  must  be  at  each  location,  A  boat  with  a  flying  bridge  often  has  two 
steering  stations, 

4.  If  a  boat  is  equipped  with  auxiliary  gasoline  powered  equipment  such  as  a  generator,  then  the  ignition 
switch  location  for  said  equipment  must  have  a  label. 

The  label  must  contain  the  intdrmation  specified.  It  doesn't  have  to  be  stated  in  the  exact  words  used  but 

must  deliver  the  same  message. 


An  acceptable  label  consists  of  four  elements. 

1 .  The  signal  word 

2.  The  hazard 

3.  Consequences  of  the  hazard 

4.  Action  required 


WARNING 
GASOLINE  VAPORS 

CAN  EXPLODE 

BEFORE  STARTING  ENGINE  OPERATE 
BLOWER  FOR  4  MINUTES 
AND 

CHECK  ENGINE  COMPARTMENT  BILGE 
FOR  GASOLINE  VAPORS 


FK&CJjZKlNO  pack  BUMK-NOT  riLNKD 
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Additional  information  may  be  included  on  the  label.  A  prepared  label  has  the  following  format: 


warning 

Gasoline  vapors  can  explode 
Before  starting  engine: 

-  Check  engine  compartment  for  gasoline  or  vapors. 

-  Operate  blower  for  4  minutes. 

Run  blower  below  cruising  speed. 


r-  DO  YOU  COMPLY 


Is  a  blower  required?  (  ) 

If  yes,  then: 

Is  there  a  label  installed?  (  ) 

If  yes.  then: 

Is  there  a  label  near  each  ignition  switch ;  and  (  ) 

Is  the  label  located  so  that  the  boat  operator  can  read  it  (  ) 

Does  the  label  contain  at  least  the  information  required  by  183.610(f)(3)  (  ) 


j 


NATURAL  VENTILATION 

When  Required 

Compartment  Opening 
Ignition  Protection 
Fuel  Tank  Permeability 
Performance 

Opening  Location 
Air  Flow  Criteria 
Compartment  Exception 
Opening  Area 

Adjoining  Compartments 
Duct  and  Opening  Area 
Terminal  Fitting  Opening  Area 
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1 83 .620  NATURAL  VENTILATION  SYSTEM 


irSTHELAW 


(a)  Except  for  compartments  open  to  the  atmosphere,  a  natural  ventilation  .system  that  meets  the 
requirements  of  183.630  must  be  provided  for  each  compartment  in  a  boat  that  - 

( I )  Contains  a  permanently  installed  gasoline  engine : 


EFFECTIVE  DATE:  August  1,  1980 
(Compliance  on  or  after  August  1 ,  1978  is  acceptable) 

NATURAL  VENTILATION 

Natural  ventilation  is  a  term  applied  to  the  provisions  of  air  flow  inside  a  compartment  that  is  induced  by  non- 
powered  means;  e  g.  ducts,  louvers,  clamshells,  etc.  The  requirements  for  the  “Natural  Ventilation  System" 
are  described  in  detail  in  the  sections  of  183.630. 

Any  compartment  that  has  a  peimanently  installed  gasoline  fueled  engine  must  have  natural  ventilation 
Engines  for  propulsion  and  auxiliary  equipment  are  included. 

i'.XCtfPTlON :  Comparimcnts  qualijwd  as  "open  to  the  atmosphere",  do  not  require  additional  ventilation 
See  183.605  far  the  definition  of  "open  to  the  atmosphere 

“Permanently  installed"  with  regard  to  an  engine,  means  that  it  is  securely  fastened  to  the  boat’s  structure  and 
tlie  necessary  wiring,  piping  and  controls  are  connected  and  secured  to  the  boat  in  accordance  with  the  applka 
ble  USCG  regulations.  (33CFR  Part  183,  Subpart  I  Electrical  Systems,  and  33CFR  Part  183.  Subpart  J  f-iicl 
Systems).  The  use  of  "Permanently  installed"  is  to  highlight  its  difference  from  the  use  of  portable  equipment 

- DO  YOU  COMPLY  -n 

Is  there  a  gasoline  fueled  engine  permanently  installed  in  the  compartment?  I  I 

If  "YES”  then  one  of  the  following  must  be  answered  “YES". 

-  Is  the  compartment  "open  to  the  atmosphere"  as  defined  under  183.605?  or  I  ) 

-  Is  there  a  “natural  ventilation  system”  provided?  (See  183.630  for  requirements).  (  ) 


- IT'S  THE  LAW— , 

183.620  NATURAL  VENTILATION  SYSTEM 

(a)  Except  for  compartments  open  to  the  atmosphere,  a  natural  ventilation  system  that  meets  the 
requirements  of  183.630  must  be  provided  for  each  compartment  in  a  boat  that  - 

(2)  Has  openings  between  it  and  a  compartment  that  requires  ventilation,  where  the  aggregate 
area  of  those  openings  exceeds  2  percent  of  the  area  between  the  compartments,  except  as 
provided  in  paragraph  (c)  of  this  section; 


(c )  An  accommodation  compartment  above  a  compartment  requiring  ventilation  that  is  separated 
from  the  compartment  requiring  ventilation  by  a  deck  or  other  structure  is  excepted  from  para¬ 
graph  (a)(2)  of  this  section. 


EFFECTIVE  DATE  August  I,  1980  _ 

(Compliance  on  or  after  August  1 ,  1978  is  acceptable).  ’ 

EHSCliSlNO  PAOB  BUMK-MOT  FILMED 


OPEN  TO  THE  ATMOSPHERE 

Compartments  that  are  “open  to  the  atmosphere”  do  not  require  additional  ventilation. 

ADJOINING  COMPARTMENTS 

This  section  along  with  183.620(c),  which  is  included  above,  answers  the  question; 

Is  ventilation  required  for  a  compartment  that  has  openings  into  a  compartment,  such  as  an  engine  com  ~ 
partment,  that  requires  ventilation? 


27r  RULE 


The  total  area  of  all  openings  in  the  separating  structure  (bulkheads,  stringers,  frames,  etc.)  between  the  con¬ 
sidered  compartment  and  one  requiring  ventilation,  determine  whether  ventilation  is  required. 

( 1 )  If  the  total  area  is  more  than  2%  of  the  area  of  the  separating  structure  —  natural  ventilation  is  required 
in  the  adjoining  compartment. 

(2)  If  the  total  area  is  equal  to  or  less  than  2%  of  the  area  of  the  separating  structure  -  ventilation  is  not 
required  in  the  adjomtng  compartment. 

EXCEPTION:  Compartments  used  for  accommodations  do  not  require  ventilation  if: 

-  the  accommodation  compartment  is  above  the  compartment  requiring  ventilation,  and 

-  the  accommodation  compartment  is  separated  from  the  compartment  requiring  ventilation 
by  a  deck  or  other  structure. 

It  is  noted  that  there  is  no  size  criteria  for  the  separating  structure  between  an  accommodation  compartment 
and  a  compartment  requiring  ventilation. 

“Accommodation  compartments”  are  those  designed  for  storage  or  living  purposes  for  persons  aboard 
the  boat.  Examples  of  specific  uses  of  accommodation  compartments  include;  staterooms,  heads  (bath¬ 
rooms).  galley,  pilot  house,  navigation,  workshop  and  other  similar  people  oriented  uses.  These  uses 
contrast  with  engine  and  fuel  tank  compartments. 


-DO  YOU  COMPLY - 

Is  the  adjoining  compartment  requiring  ventilation  separated  by  a  bulkhead  or  other  structure  whose  total 
area  of  openings  is  more  than  2%  of  the  area  of  said  bulkhead  or  other  structure?  (  ) 

If  “YES”,  "natural  ventilation"  is  required  for  said  adjoining  compartment  except  as  indicated  below. 

Is  the  adjoining  compartment  to  a  compartment  requiring  ventilation  “open  to  the  atmosphere"?  (  ) 

If  “YES",  no  additional  ventilation  is  required. 

Is  the  adjoining  compartment; 

-  an  accommodation  compartment,  (  ) 

-  above  the  compartment  requiring  ventilation,  and  (  ) 

-  separated  by  a  deck  or  other  structure  (  ) 

If  “YES",  to  all  items  then  “natural  ventilation”  is  not  required. 

Is  the  adjoining  compartment  to  a  compartment  requiring  ventilation,  separated  by  a  bulkhead  or 

other  structure  whose  total  area  of  openings  is  equal  to  or  less  than  2%  of  the  area  of  said  bulkhead 

or  other  structure.  (  ) 

If  “YES",  “natural  ventilation”  is  not  required. 
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- IT'S  THELAW—, 

183.620  NATURAL  VENTILATION  SYSTEM 

(a)  Except  for  compartments  open  to  the  atmosphere,  a  natural  ventilation  system  that  meets  the 
requirements  of  183.630  must  be  provided  for  each  compartment  in  a  boat  that 

(3)  Contains  a  permanently  installed  fuel  tank  and  an  electrical  component  that  is  not  igni  - 
tion  protected  in  accordance  with  183.410(a). 


EFFECTIVE  DATE:  AugiiM  I  .  1980 

(Compliance  on  or  at  lei  .August  1.  1978  is  acceptable) 

OPEN  TO  THE  ATMOSPIII  RE 

(  I'liip.iiinicnls  ili.ii  arc  "open  to  the  atmosphere"  do  not  reqtiiic  aildilional  ventilation. 

FT  I  I  TANK  COMPARTMENTS 

.A  cornparlmenl  containing  a  fircl  tank  that  is  “permar  •nily  installoil".  as  opposed  to  a  portable  tank  or 
container.  Joes  not  require  natural  ventilation  unless  the  compartment  also  contains  an  electrical  conipimcnt 
that  IS  not  igniliori  protected. 

Ignition  proicciion  is  defined  in .T' (T  R  Subpart  I  "Flediical  Systems".  183  410(a)  as  follows. 

•T8.T4I0  K.NI TION  PROTECTION 

(a)  Each  electrical  component  must  not  ignite  a  prop.inc  gas  and  air  misinie  that  is  4.25  to  5.25  peicent 
propane  gas  by  volume  surrounding  the  electrical  component  when  it  is  operated  at  each  of  its  manu¬ 
facturer  rated  voltages  and  curretit  loadings,  unleis  it  is  isolated  from  gasoline  fuel  sources,  such  as 
engines  and,  valves,  connections,  or  other  fittings  in  vent  lines,  fill  lines,  distribution  lines  or  on  fuel 
tanks,  in  accordance  w/ith  paragraph  (b)  of  this  scciion." 

Usually  fuel  level  senders  and  the  associated  wiritig  are^  soiuces  of  ignition  and  therefore  would  not  norm 
ally  cause  a  need  tor  natural  ventilation. 


DO  YOU  COMPLY 


Does  the  compartment  contain  both: 

a  permanently  installed  fuel  tatik.  and  (  ) 

an  electrical  component  that  is  not  ignition  protected  (  ) 

If  "YE.S"  then  one  of  the  following  must  be  answered  "YE.S". 

Is  the  compartment,  "open  to  the  atmosphere"  as  defined  under  183.605?,  or  (  I 

Is  there  a  "natural  ventilation  system"  provided?  (See  183.630  for  rci|uirement.)  (  ) 
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pirs  THE  LAW - 

183.620  NATURAL  VENTILATION  SYSTEM 

(a)  Except  for  compartments  open  to  the  atmoiphere,  a  natural  ventilation  system  that  meets  the 
requirements  of  183.630  must  be  provided  for  each  compartment  in  a  boat  that 

(4)  Contains  a  fuel  tank  that  vents  into  that  compartment;  or 


I'FI-I-CTIVL  DATE  August  I.  1980 
(Compliance  on  or  alter  August  1 ,  1978  is  acceptable). 

OPEN  TO  THE  A  I  MOSPIIERE 

Comparlmenls  tlial  arc  "open  to  the  atmosphere  "  do  not  require  additional  ventilation 


l  UEl  TANKtOMPARTMI  NT  PERMANENTLY  INSTALLED  FUEI  TANKS 

A  peniiaiiciilly  uislallci.1  fuel  tank  must  have  a  vent  system  in  accordance  with  33  CFR  Suhpail  J  '"Fuel 
Systems".  183.520.  Tliis  section  on  fuel  tank  vents  requires  that  vents  have  a  flame  arrester  and  “not  allow  a 
fuel  overilow  at  the  rate  of  up  to  two  gallons  per  minute  to  entei  the  boat  "  In  effect  this  requires  a  fuel  tank 
vent  whose  openitig  is  outside  of  the  boat  and  therefore  will  not  vent  into  the  compartment.  For  permanently 
installed  fuel  tanks  183.620(a)(3)  and  (.S)  ate  more  likely  tii  apply 

FUEL  TANK  COMPARTMENT  PORTABLE  FUEL  TANKS 

('oinpaitments  used  to  store  vented  portable  fuel  tanks  or  containers  are  required  to  be  equipped  with  "natural 
venltlation" 

("ockpit  seat  lockers  In  auxiliary  sailboats  are  often  used  as  fuel  tank  compartments  for  portable  oiitboatil 
tnotoi  fuel  tanks  If  this  fuel  lank  vents  into  the  locker  then  ‘"natural  ventilation"  of  said  locker  is  required 

Since  fuel  vapors  seek  the  lowest  point  of  any  compartment,  this  properly  of  gasoline  vapors  should  be  con 
sideied  when  designing  and  constructing  a  compartment  that  will  contain  a  fuel  tank  or  container  that  can 
vent  into  said  compartment  Any  openings  m  or  near  the  bottom  of  the  compartment  could  permit  explosive 
vapors  to  flow  into  the  bilge  of  the  boat  where  an  ignition  source  might  ignite  them. 


~  DO  YOU  COMPLY - 

Is  there  a  fuel  lank  in  the  compartment  that  vents  into  said  compartment?  (  ) 

If  "YES"  then  one  of  the  following  must  be  answered  "YES". 

Is  the  compartment  "open  to  the  atmosphere"  as  defined  under  I83.60S?,  or  (  ) 

Is  there  a  "natural  ventilation  system"  provided?  (See  183.630  for  requirements.)  (  ) 
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- ITS  THE  LAW— I 

183.620  NATURAL  VENTILATION  SYSTEM 

(a)  Except  for  compartments  open  to  the  atmosphere,  a  natural  ventilation  system  that  meets  the 
requirements  of  183.630  must  be  provided  for  each  compartment  in  a  boat  that  - 

(S)  Contains  a  non  metallic  fuel  tank 

(i)  with  an  aggregate  permeability  rate  exceeding  1 .2  grams  of  fuel  loss  in  24  hours  per 
cubic  foot  of  net  compartment  volume,  or 

(ii)  it  the  net  compartment  volume  is  less  than  one  cubic  foot,  having  a  permeability 
rate  exceeding  1 .2  grams  of  fuel  loss  in  24  hours. 

Reference  fuel  “C"  at  40  degrees  Celsius  plus  or  minus  2  degrees  Celsius  from  ASTM  standard 
D471  1979.  is  to  be  used  in  determining  the  permeability  rate. 


Ill  1HCTI\I  DA  n  August  I,  l‘)X() 

(CompliaiKe  on  or  .liter  August  1,  l‘)7K  is  acceptable.) 

OPEN  TO  THE  Al  MO.SPllTRi: 

CoMipartments  tliai  arc  ■'open  to  the  atmosphere"  do  not  i  ~c|uire  additional  ventilation. 

PERM!  A  HI  I  HA 

Most  all  plastics  and  liberglass  will  permit  gasoline  and  its  vapors  to  pass  through  it.  This  capability  of  the 
inaieiial  is  tcimed  permeability  .  The  "permeability  rate"  is  the  (piantity  of  gasoline  that  passes  througli 
the  ni.itciial  in  a  specitlc  length  of  time  or  pci  unit  of  "net  compariment  volume".  iSce  18.7 ,P05  "Open  to 
ihc  ainiospbcie  and  its  discussiotr  loi  bow  to  determine  "net  eoniiiarlmeni  volume".)  The  "pcrmeabilits  rate" 
ol  a  maieiial  is  atlecled  by  the  thickness  and  density  of  the  material  and  the  temperature  at  which  the  test  is 
conducted  ma>  have  an  elteci  on  the  "permeability  rate".  Thcrclore,  conditions  of  the  test  must  be  controlled 
as  well  as  si.indard  procedures  used. 


Tin  Tl  .ST 

1  here  are  two  ways  that  tests  may  be  conducted  to  obtain  the  permeability  rale  of  non  metallic  mateiials  used 
tor  luel  tanks  Ihe  two  ways  arc  dittercniiaied  by  how  the  lest  sample  is  prepared. 

I  A  test  sample  ol  an  actual  fuel  lank  may  be  subicctec!  to  the  test  nrocedures.  or 

2.  A  test  sainple  ol  a  piece  of  tlic  fuel  rank  material  may  be  mounted  on  a  staiulardi/ed  container  (such  as 
a  (i  \  6"  sample)  and  then  submitted  to  the  test  procedures  with  Ihe  results  extrapolated  mathcmali 
cally  to  obtain  the  pertoimancc  of  a  full  sized  lank. 

Holh  of  these  methods  have  been  used  experimentally  and  appear  to  correlate. 

riie  fuel  to  be  used  in  the  test,  to  represent  gasoline,  has  been  standardized  as  A.STM  D  471-79  Reference 
luel  "C".  This  portion  of  the  ASTM  standard  appears  in  IH.TtiOS  of  this  guirlclinc  as  part  of  the  discussion  of 
Ihe  definition  of  "ASTM". 

The  U.S.  Coast  (iuard  test  procedures  for  "permeability  of  non  inetallic  fuel  tanks"  is  a  separate  publication 
which  will  become  available  from: 

National  Technical  I  nformation  .Service 
Springfield, 

Virginia  22l(il 
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Rl  OUlREMf  NTS  FOR  VI  NTILATION 


PeuiuMblf  non  metallic  materials  may  be  used  lor  fuel  tanks  in  boats.  Iiowcver,  depending  on  the  permcabil 
ity  late  oi  the  mateiial  and  the  net  volume  of  tlie  fuel  tank  compartment,  “natural  ventilation"  may  he  icqiin 
ed  lot  the  fuel  tank  compartment. 

TItc  icgul.itioM  evalu.ites  the  need  for  “natural  ventilation"  of  the  fuel  tank  compartment  based  on  wbetber  its 
net  Volume  is 

less  ili.m  one  cubic  fool,  or 
one  oi  mote  cubis  feet 
1  I  SS  rilAV  ()\T  (TIBK  I  007 

\  luel  l  ink  compjrlmeni  whose  net  volume  is  less  than  one  cubic  loot  is  icquired  to  have  “naiuial  ventilation" 
it  the  fuel  I, ink's  permeability  late  is  more  than  1 .2  giants  loial  fuel  loss  in  24  hours. 

OM:  or  MORI  ClIBK'  IT  FT 

\  fuel  I, ink  comp.iilnienl  whose  net  volume  is  one  oi  more  cubic  feel  is  required  lo  have  “natural  venlilalion" 
if  ihe  luel  lank's  permeahilily  lale  is  more  than  1 .2  giants  of  luel  loss  pei  each  cubic  foot  of  net  compartriieni 
volume  IS  a  period  of  24  hours. 

I’locediiie 

1  Obiaut  ihe  permeability  laie  ol  the  non  tiieiallic  luel  lank  lor  a  24  hour  period  in  terms  of  giams  of  fuel 
loss. 

2  Oeiermuie  Ihe  “net  compartment  volume"  foi  the  fuel  tank  compartment. 

.?  ('.i/culaie  (he  grams  <rf  fuel  los.s  per  cubic  foot  of  “riel  cornparimeni  volume" 
lAaniplc  fotal  fuel  loss  foi  a  non  metallic  lank  is  louitil  to  be  It)  grams  in  24  houis. 
rite  net  contpartntent  volume  for  titts  example  is  12  cii  If. 

T'lte  peime.ibility  rale  is-proi  Hd.t  giants  ol  fuel  loss  in  24  Itouis  per  cubic  fool  ol  net  compaii 
mem  volume. 

(  onchisioii  rite  fuel  lank  comparlmeni  in  the  example  does  nol  need  ‘nalural  ventilation  "  lo  meet  the 
lequircmenls  of  ilte  legulalion 

tjuesiion  Wh.ii  is  the  minimum  net  compailmciit  volume  beloie  '  naliual  venlilalion  '  is  leqiiired  m  ibe 
•ibove  example'’ 

.Answer  I’er  the  example 

ibc  fuel  lank  loss  was  staled  lo  be  10  giants  tn  24  houis 

Ibe  permilled  fuel  loss  m.iy  not  exceed  I  2  giants  pci  cubic  fool  m  24  boiirs 

riteieloie  Ibe  net  comparlmeni  volume  must  be  al  least  8..f.i  cubic  feet  in  order  lhal  no  venlilalion 
be  required  A  comparlmeni  of  less  than  K  .Vt  cubic  feel  ol  net  comparlmeni  volume  rei|uues 
"nalural  ventilaliori"  lo  be  provided 

It  IS  inleiestuig  lo  note  that  itiany  of  the  non  iiielallic  maleiials  in  currcnl  use  for  gasoline  luel  tanks  have  a 
peimeabilily  lale  such  lhal  ''natural  venlilalion"  ol  Ihe  fuel  lank  contpailmeiit  will  be  required  in  older  to 
comply  with  this  section  ol  the  regulation 
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- DO  YOU  COMPLY 

Is  the  fuel  tank  non-metallic?  (  ) 

If  "YES",  then: 

What  is  the  total  fuel  loss  of  the  fuel  tank  as  determined  by  a  PERMEABILITY  TEST  conducted  for  a 
period  of  24  hours  using  Reference  fuel  “C”at  40  +  2‘*C  as  described  in  ASTM  D— 471-79?  ( _ grams) 

1.  Is  the  fuel  tank  compartment's  net  volume  less  than  one  cubic  foot?  (  ) 

If  "NO  "  see  "2”. 

If  "YES”,  then: 

a.  Is  the  permeability  Rate  of  the  Tank 

1 .2  grams  or  less  in  24  hours?  (  ) 

If  "NO"  see  "b" 

If  "YES”  NO  VENTILATION  REQUIRED 

b.  Is  the  Permeability  Rate  of  the  Tank 

more  than  1 .2  grams  in  24  hours?  (  ) 

If  "NO"  see  "a". 

If  "YES"  NATURAL  VENTILATION  REQUIRED 

2.  Is  the  fuel  tank  compartment's  net  volume  one  or  more  cubic  feel?  (  ) 

If  "NO ■■  see  '1" 

If  "YES",  then: 

What  is  the  Permeability  Rate  of  the  Tank,  per  cubic  foot  of  net  compartment  volume,  in 
24  hours?  C-gf®"’*) 

a.  Is  it  1 .2  grams  per  cubic  foot  or  less?  (  ) 

If  “NO'  see  ‘  b". 

If  "YES  "  NO  VENTILATION  REQUIRED 

b.  Is  it  more  than  1 .2  grams  per  cubic  foot?  (  ) 

If  “NO"  see  “a”. 

If  "YES”  NATURAL  VENTILATION  REQUIRED 
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- IT'S  THE  LAW  — 

183.620  NATURAL  VENTILATION  SYSTEM 

(b)  Each  natural  ventilation  system  must  be  constructed  so  that  - 

(1)  Each  supply  opening  required  in  183.630  is  forward  facing  and  located  on  the  exter¬ 
ior  surface  of  a  boat;  or 

(2)  Air  will  flow  into  or  out  of  the  supply  or  exhaust  openings  required  in  183.630  when 
the  boat  is  in  a  wind  flowing  from  bow  lo  stem  at  a  velocity  of  10  miles  per  hour 
when  the  engine  is  nut  operating. 


EFFECTIVE  DATE:  August  1,  1980 
(Compliance  on  or  after  August  1 ,  1978  is  acceptable). 

IS  A  TEST  NECESSARY? 

The  regulation  provides  two  ways  to  comply  with  requ  rements  for  placement  of  openings  to  be  used  lor  a 
•‘natural  ventilation  system".  Either  means  of  complian  :e  may  be  used. 

1 .  Install  supply  openings  that  face  forward  toward  the  bow  of  the  boat.  This  may  be  accomplished  by  the 
use  of  clamshells,  scoops,  grills,  funnels,  louvers,  etc .  No  test  is  necessary.  See  Figure  1 1 . 

2.  Conduct  a  test,  to  verify  th.it  air  will  flow  either  i  i  or  out  of  all  openings  provided  for  use  as  a  “natural 
ventilation  system”.  Air  does  not  have  to  flow  in  both  directions  but  merely  has  to  flow  into  or  out  of 
each  opening  during  the  test 

AIRFLOW  TEST 

Test  Location  The  test  should  be  conducted  in  an  area  clear  of  obstructions  lo  assure  an  even  air  How  around 
all  surfaces  of  the  test  boat.  A  large  parking  lot.  on  the  water,  and  in  a  large  open  doorway  have  been  used 
successfully  to  run  this  test. 

Test  Boat  Orientation  The  test  boat  must  be  placed  so  that  the  bow  of  the  boat  is  headed  toward  the  source 
of  the  wind  or  air  flow  and  the  boat's  centerline  aligned  with  the  direction  of  air  flow.  If  the  test  is  conducted 
using  natural  wind  conditions  this  orientation  may  have  lo  be  averaged  due  to  small  shifts  in  wind  direction. 
If  the  lest  is  conducted  under  more  laboratory  type  of  conditions  then  the  air  How  source  and  direction  can  be 
more  accurately  controlled. 

Air  Flow  Velocity  -  The  air  flow  or  wind  is  to  be  no  more  than  10  miles  per  hour  over  the  test  boat  in  order 
for  the  test  to  be  valid.  Adjustments  to  achieve  a  ten  miles  per  hour  air  flow  velocity  may  be  made  by: 

using  a  variable  air  flow  source  such  as  a  controllable  wind  generator. 

towing  the  boat  by  another  boat  lo  increase  the  wind  velocity  if  the  natural  wind  velocity  is  not  sufficient. 
The  test  boat’s  engine  is  not  to  be  operating. 

towing  the  boat  on  a  trailer.  The  boat  may  be  lowed  against  the  wind  or  with  the  wind  in  order  to  achieve 
the  correct  air  flow  from  bow  to  stern. 

adjusting  the  size  of  openings  in  one  end  of  a  building  that  is  used  as  a  wind  tunnel  with  the  boat  at  tbe 
other  end  of  the  building  in  a  doorway. 

To  measure  the  air  flow  there  are  a  number  of  meters  available.  A  meter  should  be  chosen  to  be  accurate  at  the 
ten  miles  per  hour  velocity  in  order  for  the  lest  lo  be  valid. 

Air  Flow  Verification  The  object  of  the  test  is  to  determine  if  there  is  air  flowing  into  or  out  of  openings, 
supply  or  exhaust,  provided  for  natural  ventilation  purposes.  To  verify  that  there  is  air  flow  in  or  out  is 
sufficient  as  there  is  no  air  flow  velocity  specified  for  these  openings.  There  are  a  number  of  ways  to  indicate 
if  there  is  or  is  not  air  flow  in  the  vent  opening: 


fRSClSlNO  pacs  BLAMC-MOT  TZLMBD 
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FIGURE  n  -  FORWARD  FACING  SUPPLY  OPENING! 


LOUVER  VANES  SHOULD  EXTEND  AT 


LEAST  H  *  PROM  THE  HIJI.I  SURFACE 
Vs3xx:sj 


TO  BOW 


LOUVERS  -  OPENINGS  FACING  FORWARD 


COWL  -  OPENING  FACING  FORWARD 


CLAMSHELL  -  OPENING  FACING  FORWARD 


an  air  flow  velocity  meter  may  be  used  even  though  velocity  readings  need  not  be  taken.  It  is  to  be  noted 
however,  that  a  recorded  leading  is  a  verification  of  air  flow.  See  l-'igure  12. 

tufts  of  fabric  or  fine  threads  may  be  fastened  inside  the  openings  or  attached  to  a  wand  that  is  held  inside 
the  openings  and  observed  to  see  if  there  is  air  How. 

chemicals  such  as  titanium  tetrachloride  that  will  give  off  a  smoky  vapor  in  the  presence  of  air  flow  may  be 
used,  however,  extreme  caution  should  be  exercised  in  the  event  that  the  chemical  or  its  vapor  may  be  toxic. 

smoke  generators,  there  are  hand  operated  puff  types,  have  proven  successful. 

finely  shredded  strips  of  paper  or  plastic  may  be  used  in  the  same  way  threads  might  be  used. 
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DiKunienlatii'ii  There  is  not  specific  requirements  for  lecording  information  or  how  to  certify  that  success 
ful  test  has  been  conducted.  It  is,  however,  good  practice  to  record  each  test  that  is  conducted.  A  leport 
should  include: 

date  of  test 

-  test  conditions 

test  location  and  placement  of  test  boat.  A  diagram  or  photographs  are  extremely  helptul  for  this  inloima- 
tion 

test  procedure,  a  step-bystep  description  of  what  was  done  and  how  air  flow  was  determined. 

the  test  results,  stating  the  position  of  each  opening  and  if  air  flow  was  detected.  Diagiams.  photographs 
and  .nr  flow  readings  can  be  helpful  to  demonstrate  compliance  with  this  part  ol  the  regulation. 

-  DO  YOU  COMPLY - 

Answer  “YES"  to  one  of  the  following: 

Are  all  supply  openings,  for  the  "natural  ventilation  system",  facing  forward?,  or  (  | 

Is  there  detectable  air  flow,  in  or  out,  in  both  supply  exhaust  openings  when  the  boat  is 

headed  into  a  10  miles  per  hour  air  flow  or  wind?  (  I 


^irSTHELAW-- - - 

183  620  NATURAL  VENTILATION  SYSTEM 

(c)  An  accommodation  compartment  above  a  compartment  requiring  ventilation  that  is  separ¬ 
ated  from  the  compartment  requiring  ventilation  by  a  deck  or  other  structure  is  excepted 
from  paragraph  (a  1(2)  of  this  section. 


EFFKTIVE  DATE  August  1.  IdKO 

(Compliance  on  or  afiei  Augusi  I,  l‘)78  is  acceptable  ) 

Tile  discussion  of  this  section  was  included  wiih  that  of  section  18.C620(a)(2)  Please  retei  to  pages  67  and  68. 


^irSTHELAW - - - 

183  630  STANDARDS  FOR  NATURAL  VENTILATION 

(a)  For  the  purpose  of  183.620  "natural  ventilation"  means  an  airflow  in  a  compartment  in  a 
boat  achieved  by  having 

(1 )  A  supply  opening  or  duct  from  the  atmosphere  or  from  a  ventilation  compartment  or 
from  a  compartment  that  is  open  to  the  atmosphere;  and 

(2)  An  exhaust  opening  into  another  ventilated  compartment  or  an  exhaust  duct  to  the 
atmosphere. 


EFFECTIVE  DATE:  August  I.  1980 

(Compliance  on  or  after  August  I,  1978  is  acceptable.) 
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NATURAL  VENTILATION  SYSTEM 


A  Natural  Ventilation  System  must  have  two  elements; 

A  supply  opening  or  duct,  and 

-  An  exhaust  opening  or  duct. 

NOTE:  An  exhaust  duct  may  serve  for  both  the  “Natural  Ventilation  System  “and  the  “Powered  Ventilation 
System 

SUPPLY 

The  supply  opening  or  duct  may  take  air  in  from  any  of  the  following  three  choices:  (Also  see  Figure  13) 

1 .  Atmosphere  This  arrangement  usually  involves  an  opening  on  the  outside  surface  of  the  boat.  It  may 
be  fitted  with  a  cowl,  louver,  clamshell,  or  other  suitable  ventilation  terminal  fitting.  Such  fittings  must 
be  forward  facing. 

2.  Ventilated  Compartment  -  A  supply  opening  or  duct  may  be  installed  to  take  in  air  from  a  compartment 
that  is  required  to  be  ventilated  (See  requirements  for  determining  which  compartments  need  to  be 
ventilated  contained  in  i83.6IO(a)  and  183.620(a). 

3.  Compartments  Open  to  the  Atmosphere  A  supply  opening  or  duct  may  be  installed  to  take  air  in  from 
a  compartment  that  qualifies  as  “open  to  the  atmosphere”  as  described  in  183.605. 

EXHAUST 

The  e.xhaust  has  two  options  for  its  point  of  discharge;  (Also  see  Figure  13) 

I .  Atmosphere  -  If  the  exhaust  discharge  point  is  directly  into  the  atmosphere  there  must  be  a  duct  from 
the  air  and/or  vapors  intake  point  to  the  exhaust  discharge  point  which  is  usually  at  the  deck  or  hull  side 
near  the  deck. 


2.  Ventilated  Compartment  -  An  exhaust  opening  may  be  located  in  a  bulkhead  or  other  structure  that 
separates  “ventilated  compartment”  from  the  compartment  in  which  the  natural  ventilation  system  is 
being  considered.  The  “ventilated  compartment”  into  which  the  exhaust  opening  discharges  may  not  be 
the  same  “ventilated  compartment”  that  contains  a  supply  opening  or  duct  for  the  compartment  being 
considered. 
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IT’S  THE  LAW 


IH3.630  STANDARDS  FOR  NATURAL  VENTILATION 


(b)  Each  exhaust  opening  or  exhaust  duct  must  originate  in  the  lower  third  of  the  compartment. 


I  1  I  I CTIVi:  DATI-:  Aiinusl  1,  l>)S0 

(Compljance  on  oi  allci  Au};iisi  I,  l')78  is  acceptable.) 

Tlic  location  ol  an  exiiansi  opening  oi  an  cxiianst  duct  intake  opening  is  required  to  be  in  the  lower  tinni  of 
the  coinpaitinent  in  which  it  is  part  ol  the  natural  ventilation  sy.slcin.  The  intent  is  for  the  exhaust  opening  to 
he  III  a  posilion  to  remove  any  nannnahle  or  explosive  vapors  as  air  Irom  the  supply,  circulates  through  the 
coinpaitinettt  and  discharges  through  the  exhaust. 

It  ihcie  IS  uncertainly  as  to  the  upper  limit  of  the  lowei  third,  perhaps  due  to  a  complex  shaped  comparlmenl , 
keep  III  iniml  that  the  lower  the  exhaust  opening  or  duct  intake  is  located  in  a  compartment  the  more  elleclive 
It  IS  Noimal  bilge  water  level  must  also  be  considered  as  staled  in  lK3.b0.3(c). 

hic.illy  the  cshaiisi  opening  or  duct  intake  .should  be  po.silioned  in  the  lowest  pail  ol  the  comparlmenl  where 
vapors  .lie  likely  to  accnmiilale.  It  would  then  be  reasonable  to  measure  the  height  of  the  comparlmenl  at  the 
position  ol  the  exhaust  opening  or  duct  intake  to  determine  the  lower  third  level.  (See  Figure  14) 

ll(■llKI  14  lOWL.RONI  TIlIRDOl  COMPARTMHNTS 


Lower  one  third  of  engine 
compartment 


Lower  one  third  of  compartment 
under  cockpit  floor 


Lower  one  third  of 
bow  compartment 


DO  YOU  COMPLY 


Are  exhaust  o|H’nings  and  duct  intake  opening  located  in  the  “lower  third  of  the  compartment  '?  (  I 
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IT'S  THE  LAW- - 

183  630  STANDARDS  FOR  NATURAL  VENTILATION 

(c)  Each  supply  opening  or  supply  duct  and  each  exhaust  opening  or  exhaust  duct  in  a  comp¬ 
artment  must  be  above  the  normal  accumulation  of  bilge  water. 


EFFECTIVE  DATE:  August  I ,  l‘J80 
(Compliance  on  or  after  August  1 ,  1978  is  acceptable.) 

Consideration  must  be  given  to  the  possibility  of  normal  bilge  water  accumulations  covering  the  intake  open 
ing.  “Normal  accumulations  of  bilge  water”  is  that  which  occurs  from  propeller  shaft  stuffing  box  seepage, 
spray  while  operating  the  boat,  and  rain.  The  water  remaining  in  the  boat  after  a  bilge  pump  completed  its 
normal  running  cycle  wiruld  be  considered  normal.  The  openings  and  duct  intakes  of  both  supply  and  exhaust 
must  be  above  tliis  “normal  level  of  accumulated  bilge  water!’. 

It  is  important  to  evaluate  each  compartment  design  and  to  locate  the  openings  and  ducts  so  they  will  be  in  the 
best  positions  to  cause  an  effective  removal  of  any  accumulated  vapors, 


DO  YOU  COMPLY 


Are  both  supply  and  exhaust  openings  and  ducts  Irxtated  above  the  “normal  accumulatirm  of  bilge 
water"? 


- IT'S  THELAW—^ 

183.630  STANDARDS  FOR  NATURAL  VENTILATION 

(d)  Except  as  provided  in  paragraph  (e)  of  this  section,  supply  openings  or  supply  ducts  and 
exhaust  openings  or  exhaust  ducts  must  each  have  a  minimum  aggregate  internal  cross  - 
sectional  area  calculated  as  follows  : 

A  =  5  In  (V/S); 

where ; 

(1)  A  is  the  minimum  aggregate  internal  cross-sectional  area  of  the  openings  or  ducts  in 
square  inches; 

(2)  V  is  the  net  compartment  volume  in  cubic  feel,  including  the  net  volume  of  other 
compartments  connected  by  openings  that  exceed  2  percent  of  the  area  between 
compartments;  and 

(3 1  In  (V/S)  is  the  natural  logarithm  of  the  quantity  (V/S). 


I-FFLCTIVE  DATE:  August  1.  l‘)80 
(Compliance  on  or  after  August  ( ,  1Q7H  is  acceptable) 

The  minimutii  total  cross-scctional  area  t)f  all  supply  openings  and  ducts  in  a  compartment  is  determined  by  the 
use  of  the  formtila.  The  fortnula  is  also  used  to  aeleimine  the  minimum  total  cross-sectional  area  of  all  exhaust 
openings  and  ducts  in  a  compartment. 

THE  FORMULA 

A  =  5  ln(V/5) 

The  formula  stated  in  words  is: 

the  cross  sectional  area  of  either  the  supply  openings  and  ducts  or  the  exhaust  openings  and  ducts 
(in  square  inches)  equals  five  times  the  natural  logarithm  of  one  fifth  the  net  compartment  volume  in 
cubic  feet. 

To  use  the  formula: 

determine  the  net  compartment  volume  (V)  in  cubic  feet.  The  net  volume  of  connecting  compart 
ments  must  be  included  if  the  openings  in  the  separation  structure  is  more  than  29?  of  the  area  of  the 
separation  structure  between  the  compartments.  Tlie  exception  stated  in  183.P20(c)  for  acconimo 
dation  compartments,  above  a  compartment  re<]iuring  ventilation  anri  separated  by  a  deck  or  other 
structure,  may  be  applied. 

divide  the  net  compartment  volume  (V)  by  5. 

determine  the  natural  logarithm  (In)  of  V/5.  Natural  Logarithm  are  tabitlated  in  books  of  mathema  ¬ 
tical  tables,  engineering  handbooks,  trigonometry  textbooks  etc.  Figure  I.S  is  a  Table  of  Natural 
Logarithms. 

-  Multiply  the  natural  logarithm  by  5. 

The  result  is  the  minimum  required  area  (A)  in  square  inches. 

For  convenience  Figure  lb  is  a  graph  of  the  formula.  Entering  the  graph  with  the  Net  Compartment  Volume  in 
cubic  feet  you  can  read  the  area  of  openings  and  ducts  directly  along  the  vertical  scale  on  the  left  of  the  graph. 


The  graph  must  be  considered  approximate.  The  fornuila  provides  the  accurate  area. 


FIGURE  16  -  NATURAL  LOGARITHM: 
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AREA  OF  OPENI 


-  DO  YOU  COMPLY - 

Is  the  total  area  of  supply  openings  and  ducts  for  the  compartment  and  the  included  connecting 
compartments  at  least  S  In  (V/5)  square  inches?  ( 

Is  the  total  area  of  exhaust  openings  and  ducts  for  the  compartment  and  the  included  connecting 
compartments  at  least  S  In  (V/5)  square  inches?  ( 


-  IT'S  THE  LAW - 

183.630  STANDARDS  FOR  NATURAL  VENTILATION 

(e)  The  minimum  internal  cross-sectional  area  of  each  supply  opening  or  duct  and  exhaust 
opening  or  duct  must  exceed  3.0  square  inches. 


EFFl.CTIVE  DATE  Augu.si  1,  1980 
(Compliance  on  or  after  August  1 ,  1978  is  acceptable.) 


The  shape  of  the  opening  is  not  specified  but  to  give  an  id  'a  of  what  three  square  inches  looks  like.  Figure  17 
depicts  a  few  common  geometric  shapes  each  of  which  is  three  square  inches. 


FIGURE  17  THREE  SQUARE  INCHES 


The  regulation  requires  each  opening  and  each  duct,  whethei  a  suppK  or  an  exhaust,  to  have  more  than  3  0 
square  inches  in  cross  sectional  area  Therefore  openings  and  ducts  miisi  be  laigei  than  those  shown  in 
Figure  17. 
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- DO  YOU  COMPLY  — 

Is  each  opening  and  each  duct,  regardless  of  whether  it  is  a  supply  or  an  exhaust,  more  than  3.0 
square  inches  in  cross-sectional  area?  (  1 


- IT'S  THE  LAW  — 

I8.V6.I0  STANDARDS  FOR  NATURAL  VENTILATION 

(f)  The  minimum  internal  cross  sectional  area  of  terminal  Fittings  for  flexible  ventilation  ducts 
installed  to  meet  the  requirements  of  paragraph  (d)  of  this  section  must  not  be  less  than  80 
percent  of  the  required  internal  cross  sectional  area  of  the  flexible  ventilation  duct. 


I  FFF.CTIVI-  n.ATI  Aiipiisi  1,  l‘)80 

(('ompiianco  mi  m  adci  August  1 ,  1978  is  acceptable.! 

Some  ol  llic  Ilexililc  ventilation  ducts  that  are  available  lot  niaiine  use  may  be  lined  with  terminal  linings 
made  lo  lii  ibe  duel.  Some  of  these  fittings  are  designed  to  lit  inside  the  licxible  duct.  For  these  linings  the 
reduced  cross  sectional  area  at  the  lining  is  permitted  to  he  not  less  than  SO'V’  of  the  cross  sectional  area 
requiied  liir  the  Ilexible  duct  under  consideration.  It  is  important  lo  remember  that  this  reduction  in  cross 
sectional  aiea  is  only  permitted  inside  a  terminal  fitting.  No  reduction  in  cross  sectional  aiea  is  permitted 
anyplace  in  ihe  n.iiuial  ventilation  system.  Also  the  cross  sectional  area  ol  the  terminal  lining  is  not  required 
to  he  ai  least  ,S0'.  of  the  duct  cross  sectional  area  but  is  required  lo  be  SO'I  of  the  required  area  for  the  duct. 
The  duct  may  I'e  oversized  for  Ihe  specified  area  required  since  only  certain  sizes  are  available 

Figure  18  is  a  giaph  that  is  intended  to  aid  in  deiermitiiiig  compliance.  The  minimum  terminal  filling  cioss 
sectional  aiea  must  he  at  or  above  the  “80'i  of  required  area"  line  in  oriiei  to  comply  with  this  section  ol  the 
regulation  The  diameters  at  Ihe  various  areas  aie  included  on  the  graph  loaid  in  evaluating  terminal  finings 
by  simply  mcasuiing  their  inside  diameters. 

This  discussion  and  graph  has  a.s.suined  that  circular  ducts  will  be  u.seri.  If  other  shapes  ol'  llevible  ihicis  aie 
used  the  same  principles  apply  but  their  measurements  and  area  calculation  must  be  appiopriate  lor  the  shape 
under  consideration 


- —  DO  YOU  COMPLY  - 

Is  the  cross  sectional  area  of  the  terminal  fitting  for  a  flexible  duct  at  least  80*7  of  the  cross  sectional 
area  required  for  the  duct?  (  ) 
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FLEXIBLE  DUCT  AREA  REQUIRED 


FIGURE  18  -  TERMINAL  FITTING  AREA 
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